
8£tm1IC AND SEDIHEN'TOLOCICAL STUDIES OF ntE 

GEORGETOWN OCEAN DREDGED MATERIAL 

DISPOSAL SITE1 

by 

Robert F. Van Oolah 
David K , Knott 

Elizabeth L. Wenher 
Thoma' D • Hat hews 

2 Hicluael P. Katutl.& 

Karl.De Resources Resear<:n In•tltute 

South carolltla Wildlife and Marine Resources Oeparoaent 

P.O. Box 12559 

Charleston, South Carolina 29412 

South carolina Marine Resources Cent er 

Technical Report Num.ber 59 

FEBRUARY, 1984 

l.rt.1s study was funded under contract (IDACW60-83-C- OOOS) for the U.S. A.r9y 
Corps of Engineers , Charleston District. 

2oepartm.ent of Geology, college of Cha:rlt•ton , Charleston, SC 2~424. 



i 

Table of Contents 

LIST OF FI GURES 

LIST OF TABLES 

LIST Of APPENDICES 

INTRODUCTION 

R.!Vltw OP EXlSTINC INFORMATCON 

ENVtRONMENI'AL AND BIOLOCICAL CllARACTERtsncs ••••••••• • •••••• 

Hydrography at1d Cu!'rents .• ••••• ••. ••• . •• • ••••••••. • • . • 

Bottm. s .ediaata ' •..•..•...•••.•.••..•..•..••••.•.• • •. 

Ch•ia.try and Poll11tanta •.••..•.••..•• • • , • , • , , •...• , •. 

Biology •..•..•.. , .••.••..••.. , •.••. , , ••. , , •. , •. , • , , , , , 

LOCATION Di UU'l'I Oll TO LIVINC A.ND llOH- LIVIJrfG USOURCBS •••• • 

Ftaberiea and Sh&llfiah Crounda 

Na.tural and Artificial Reeta 

Paga 

111 

iv 

v 

1 

1 

1 

1 

1 

3 

3 

7 

• 
8 

12 

!odanaered Specie.a • • • • • • • • • • • • . • • • • . . • • • • . . • • . • • • . • • . • 12 

Other Retourcea 

KETl!OOS 

LOCAnON OP ST1J'DY AUAS 

HYDROGRAPHlC ASSESSK!NT •..•. . •••••••.••.••.•..•....•....• • . 

Sl!DDi!NtoLOCICAL ASS2SS!CEl<T ••••••••••••••••••••.••••••••••• 

BENTllIC CCl1MlJ'NITY ASS!Sg(!Nf 

BIOACctlMULATION ASSESSMDn' 

RESULTS AND DISCUSSION 

Oceanogra phic Parnat er a ............. , •............... 

Current a 

Chem.iatry and Pollutants 

BOTTOlt SEDD<lllTS 

12 

12 

u 

14 

14 

16 

17 

17 

17 

17 

19 

19 

19 

Granulooetric Analyses • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • 19 

Chea.iatry and Pol lutants • •••••···• • ••••• • ••• •·• •• • • •• • 30 



I 
11 

, .. ,. 
B!NTHtC CM«INlTJ!S ••• • ••• • ••• , • , ••• , •••• , •• • • , •• . ••• , • • . • • • 32 

leaa Trawl COllect ione , ••••••• , •• , •••••• • , •.••.. , •..•• , 32 

Crab Collection• 41 

TU•ue Ct..i.1tv . . . . . • • • • • • • • • • • • • • • • • • • • • . . • . . . . . . . . . . S7 

UCOHK!ICD4nOJ<s ...., m ~-UIC ,...,. . . .. . . • . .. . . . • . • n 

SIH4AaY A.'CD OCltCLUStOMS ••• ••• - ••••••••• , • • • • • • • • • • • • • • • • • • • • • • • • St 

Un:a.<TUU ClTID . . • . • • • . • • • • • • • • • • • • • • • • . . • • • • . • . . • • • • • . • • . . • • • • 60 

APPl!llDICltS • • • • • .. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 64 



l. 

2. 

3. 

•• 
5. 

6. 

7. 

iii . 

List of F·l gures 

Location of hydrographic study are.as and surface c irculation patterns . . .• . .. 

Landsat phot0graph ol Winyah Bay and nearshor e coastal waters .•..•..•.....•• 

Areal distribution of mean grain. size ..•. , , . . , , , ,,,,,,, ,,,, , ,,, , ,, , ,, , ,,,,,, 

Three-dimensional plot of bottOrll survey data collected i n the Georgetown 
DHDS by the U.S . >.r.y Corps of &ngincers. April 1983 ••••• •• •••••••••••• • •• •• 

Location of coaaerctal and recr!attonal fisheries resources . •• . . • .. • •• •. • •.. 

Location of endanger~ spccl•• •nd marine historical features .• . .•. ••..•. •.. 

Locatioo of pr•servas, vtldlife center s , b68chcs and ports 

8 . Kap thow'ing locat ion of the 15 possible sa.pling locations in the control 
and DKDS sitfil, at vell at the location of "down curr~t" and channel 

2 

• 
5 

6 

9 

10 

11 

sampling loce.tions • . . • . . . . . • • . . • . . • . . . • . . • . . • . . • . . . . . • . . . . . • . • . • . . • . . . . . • . . . 13 

9 . Current velocitiea and direci iona fo r the 13 station• aeapled during t he 
winter 1ft and near the Georgetovn El.arbor DMl>S .•..•..•..•..•...•.••..•..•• ••. 20 

10 . Current veloCitiea and directio.a· for the 13 atations s;ampled during the 
auamier in •nd' near the Georgetovn S.rbor DHOS •...•.•..•..•...•..•.....••.••• 21 

11. Diatribut ion of me.an gra.in size of aediaents collected froaa th9 
Ceorgetown ~s arld vicinity • . • • • . • • • . • . • . . . • . . • • • • . . • • . • . . • • • • • . . • . • • . • • • • • 25 

12 . Sh• p•rd ' • cl•••ific•tiqn 0£ • e d !mcn c . cypco o c •tociono ~n chc CcoTgccOWI\ 
OKOS and vicinity . • . . • . . • . . • . . . . • . . • . • . . . • . . • . . • . • • • . . . • . . • . . • • . . • . . • • . • • • • . 27 . . . 

13. Dist.r ibutioo of percent calcim carbonate content Of sedilllents collected 
from the Ceorgetow D!fDS and vi<:il'lity • . • . • . • . . • . . • . . . • • . . . • • . . . . • • . . . . . . . . . . 29 

14. Percentage Contribution of major taXa to the apecie• cocapoaiCion of beam 
trawl collection• . •. • • ,,. . . . •. : ... . . . .. . . .' .. . .. . ..•..•........••..•..•..•. \ ... 33 

15. Nullber of species collected ac ~•ch station by be.m tr1wl ..••..•......••.•.• JS 

16. Normal clu•t•t dtndrogru showi.£,g station groups. formed using the Jaccard 
siailarity coefficient and flexible sorting of beaa trawl coll ection• .. '. . . .. 38 

17. Inverse cl.aesilication '1i1erarchies and nodal· diagrAm thowing const.ancy a.nd . 
fidelity of atation - 9t1ecies group coincidence b1aed oa 1>t8DI travl 
collection• • • . • . . . . . . . • . . • . . . • •. • • . • . . • . • . • . . • • . • . • • . • . . • • • . • • • • • • • • . . • • • • • • 40 

18. Percentage contribution of major taxa to the number of species and number 
of individuals in grab ••plea froa control , disp<isal, and "down current" 
site.s ..•.. . ..•..••.••...•• . .•..•..•.•. . .. . ..•..•.. • ..• • .•.. , , • , • , , •. . •••• , • • 44 

19 . Comparison of the mean density cf domin•nt aacroinvertebrates frOll grab 
a.aatplea at control (CS) , diapos.al (OS) . and "dOllD current" (DC) sites 47 

20. Average values of teveral comarunity stl"Uctur a parsm.eters at control, 
disposal • and "down current" sites . •.•.• , • , . , •..•.••..•..•...•.•.. , • . . • • • . • . SO 

21 . Kor.al e;lutter dendrogram of benth.ic grab Umples 1howing t h• five station 
group• formed using fl«icible sorting ..•......•.•..••••• . •••.•. . ••••••••••••• 52 

22. Location of t he vi nter samples anons station groups retulting from 
not"lllal cluster an.alyai s . . ..•••.•..•.. . .•. . .....•..• • •• . •• , ••......•.••• , • • • • SJ 

23. Location of th• sumiaer samples ~ong station groups re.sulting !roa 
no1'11lAl cluster analysis • ..•. •• ..•..• . .. . . . .. •. •..•....• .• ..••• , • , • • • • . • • . • • • 5.4 

24. Inverse cla1sification hierarchy of grab coll•ctions and nodal diagrams 
shoving const•ncy and fidelity of species groups among the sampling 
sites and seasons . . • . . • . • • . • • . . . . . . . . . . . . . . . . . . • . . . . . • . . • . . . . . • • . . . . . . • • • • . . SS 



iv 

List of Tables 
Table 

1. Geographic potitiona of sites snpled during the winter• a·nd e-ummer, 198.) lS 

2. Oceanographic par&11eters of water collected from the 7 winter and 9 Sl.lllllter 
1tationt ...-pled in and near the Georgetown Harbor OMDS .•.. . .. . •••..•..•.•..•. 18 

3. M&x:lm.ua concentrations of various substances seaaured in sediment, water, 
and tie•u• a.oaplat collected from the vicinity of the ceorgetowa DMDS •••.•..•• 22 

4. Compari.t0n• of hydrographic chemical analyses for ceorgetovn and 
Charleston Harbor are.as . .•.• . • . .•••.• . . , • . • • . • • . • • . . • . • . • . • . . . • . • • . • • . • • • . • . • • 23 

s. Statistical analysia of the grain size distribution for aediaents froca tlw 
Ceorgetovn DHDS and vicinity . • .. •..•••.••••.••. , •.•••..••..•••.•..•..••••••• , • 24 

6. Percent.ages of sand, silt and clay ta sedtaents from the Georgetowa DMDS 
and vicinity •. . • .. ••..••••.•••.•• : . • . . • . • • . . • . . • . • • . . • • . . • • . . . • • . . . . • . . . . • . • • • 26 

7. Calcium carbonate content of sediments from the Georgetown DHDS and vicinity 28 

8 . Coapartson• of geochemical analytet of sed1Aent1 !or Georgetown and 
Char let ton Harbor area• . .•.•.•.. , •• , • •• . ••• . •• . •• • • : . .••••.•••.•..•..•••••.. , • 31 

9. Spe.cic• r•nked according to tht ir frequency of occunenc• (P) in !. 50% of 
beam. travl collections ••••••.•••••.•••••.• • •.••.••....•..•••.. ~ · · · • · • · · • • • • • • • 34 

10. Summary of bioma.sa (kg) for organi.sae collected with the beaa trawl•••••• • •••• 37 

11. Species groupt re1ultlng !ro. aumerical classification of data frOCD ·sa.aplet 
coll.ected by be&• trawl • .• . •..••••.•.•..••. • ..•.....• • •.•••••.• • • • • • • • • • • • •. • • 39 

12. Number ot 8P4'C1ca representing each ot tbc aajor aacrotnvertcbrat• taxa ' tn 
grab anples froa control, dispoaal and "dovn cunent" sites •. , ••• , • , , •• , ••• , • 42 . 

13. Number of individuals representing each of the major invertebrate taxa io 
grab ••plea fro. control , disposal, and "dova. curTe.nt'' sites • . •••• •• . •• • . ••• . 43 

14. Relative abundance o! the ten 4oainant ape.ciea at .. ch site during uch 
sea.son • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 46 

15. Mean denelty of the dominant macrotnvertebratea at control, dispotal, and 
"down current" aitea duriDs each aea94a . • . . • • • • • . • • • . . • • . . • • . • . . • • • • • • • • • • • • • . 48 

16. Species groups resulting from 1nvcrac cluster analysis of arab .... plea 56 



Appendix 

l 

2 

3 

4 

6 

7 

8 

9 

10 

11 

\. 

v 

List of Appendices 

Water cu~ent data of sites saapled during the winter and s~er. 1983 ..•. 

Bydrographic chemical analy•is fro• the Coorgetowrt DHDS area •.•••••••• . ••. 

Ccochemical -.nalysit of sediments from the Ceorgetown DKDS area •••..•.••.. 

Ta.xa collected by beaa tr•wl at control (CS)• dispo•al (DS), and "down 
curTent" (DC) aitet during ~i.nter (w) aad s ummer (t) 1983 .•.••..•. ••••.. •• 

Overall ranked abundance of aacroinvertebrates collected during winter 
aad the control tite . . •..•.•..•.•.•..•.•.•.....•.....•......••.•.••..•.••. 

Overall ranked abundance of .. cro1nvertebrat.. collected during tU11Der 
at the control site •••• . •..••••••• . ••••••••••••••• . •• . ••.•.••.•••••••••••• 

Overall ranked abundance of macroinvertebrates collected during wi.nter 
at the di.sposal • ite .••... . .•..•... . .••••.•..•..•..•.. . .••.•••.••..•..•..• 

Overall rtnked abundance of .. croinvcrtebratcs collected during suaaer 
at the disposal site ••.. . • , ...•...•. • •• , •••••..•..••.••••••••• , •• . ••.••.•• 

Overall ranked abundance of J1acrotnvertebrates collected during viater 
at the "down current" site . ..•.••...•.•. . ..•..•..•.••..•... . , •. .•..•.•.•.• 

Overall ranked abundance of 1111croiavertebratea collected during tuaaer 
•t the *down current" iite .. . .. . ••...• , ...•..••••..•..•.•.•...•..•••..•.•• 

s·peciee diversity end faun&! density of grab samples c9llected in the 
•c,,.dy • .r·CA •••••••••••••••••••••• . ••••••••••••••••••••••••••••••••••••••••• 

Titauc ta:mple analytit of Bu1ycon carica from Georgetown DMDS a~ea .• ••• ••• 

6S 

66 

68 

71 

7S 

80 

84 

87 

91 

93 

?$ 

96 



= 
: 

Acknowledcments 
We wieh to thank 1ever1l people who assisted 

u1 in thi• 1tudy. SJ>tcl&l thank• •re dut to 
Caroline O'Rourke and Harty Levian \Ibo be.lped 

l 

1a all 1tudy pb&.se•. 1'letr c .. rafu.l and diligent 
vork iD the field and la boratory arutly cootrtbutM 
to tlM tS...ly eo11pl1tioo of thie •tudy. Ot.hers VbO 
hd,.S 1A tM fi•ld ad hboratory tnclule the 
crew of th• Lad? !:!!!· Pet• licharda ~ Mike 
Scbvut.a, sod Mit.1.1 au ff __...rs JS.. Strtbl!na:. 
P.u.y Travis. Beth l.ol.8nd, Ti.oa Chance, Prtecilla 
Kinde, aod lat.hT Au•tia. rc.ocy h•umoo.t tJP«d Ul 
draft• of this rep<irt and ltAren Svanson •rafted all 
ftau.r••· eo-oovealtb t.aboretory analyzed the 
contUl.in6nt eaapl•• for all par .. atars ~cept 
trac• metals . Thi• report va1 reviewed by Victor 
Burrell, R.ob. Dunlap, P-riacilla Hinda, Steve 
Horrieoo, Nick Roark and Jani Sattte. Finally, ve 
vieh to th&nk Steve HorrillOn and John C&rothera 
fo r their efforts 1ft tntttatt.aa t~ etu4y, •• 
viell •• for their pa.rt 1D tM •tud1 d••i"1· We 
a.ppr.c:J.ate tb91r •coura.1_.t &od .upport of our 
vork. TbU •tudy w• c.09pleit..t t:hroQ&b fUDdJ..a.s 
uoder Coatra.ct IDACV~-C-OOOS fro. the 0.$. 
Ar9'f Corpe of !qJJl•er•. Charle•tOO Di•tTict. 

Introduction 
The Georgetown Ocean Orffged Hate.rt.al D1•po•al 

Sit• (DKDS) baa been •elected by th• Corp• of 
£rt.iitl••r• for rel•••• of aadia4ot• dr•d&cd from 
tht chan.oel• ae.-oc1AtM vi.th C•or1etowa Earbor . 
Thie di•po"l aru. 1• •illilar 1A depth &:t.d bottoa 
type to the Lar1er Charlaatoa Harbor Ocun Di.•poaal 
ArU located approzf.aatel7 87 kit to t .ba tout:hvut. 
Altbouj:h the latter area va.a __,.1...s 1D 1978 for a 
b9M11De beotbic .and MdS-toloalc.al characteriatf.oa 
(Soutb C.roliAa VildUfe end Ht.riA• hsovrcu 
Depart-.eo.t, 1979). no a.taJUr data baae tti.sts for 
thti C.Orgetown·DKDS. At the pre.a•t eta., the 
C.Or1etow DtmS ia tt.1a;1 uaM under iter·ia approval 
by th• Ea.rtrormea.ta.1 P'roteettoa. Aaancy (EPA). 
Continu.cl uae of thia aite rtquirea •ore baseline 
tntorution for final EPA •itt approval u 
authorized by the Marine Protectioa Reaea.rch and 
Sanctuariea Act (KPR.SA). To obtain the necea•ary 
data, the Corp• contract~ vi.th the South carolina 
Wildlife and Marine Re.ourcea Departaent (SCWMRD) 
to coMuct knthic ud Mdiaeatoloatcal 9tudie.a 1D 
and aur the CeoraetOVD DHDS. Sp.ecUk objecttv" 
of th.1.9 •tudy vere to: 

1) .PrOTide a reviev of •.Uttaa W:.ru.tloo 
Oft the pby•1.ca.1. c.be.tc&l aoct biologtc.al :ooditioo• 
1D thti vtcitsity of the C.Ora•tow DKDS aaJ pr ovid• 
• •uc.c1nct de.ecrtption of •tolo1tc&l, r•creatiooal, 
or other retoul"(:U that •ilht be affected by ocean 
di•poul; 

2) De•cribe th• •inera.loatcal, tutural, •nd 
ch .. tcal characteri•tic• of the bottom. ••dilllents 
1n the CeorgetCKln DHOS, tn a control site, in 
three atattona "down curr.at" ot the OKDS, and in 
the n•vtaattoo chann•l; 

3) Describe tM Mdt..nt Mdfom.a present la 
thti CeoraetO'lm ll<DS. la the coatrol area aod 1D the 
three "dow c\lncot"' •tac.ion• vith rqard to their 
•iza, oriantatioa, atld co.,oaition. 

4) Aacertain whether the t*41aent 
characteristics of the DtfDS •nd th• ttations 
"down current " have been alterff by current 
di•poaal practices; 

S) Describe te.parature-depth, ... 11ntty
depth, aad diaeolved ox11•n-depth profiles 
ia tbe vateT c.ol....,_ at all •t•tlOG•, and 
dete,.1.M: coocentr•tf.oaa of Mtab, p$•tic1dea, 
PCI'•, htcb aolecular wti:ht bydrocarboa.f, and 
tbe tvr-btditiea at four •t•tioa• (004: Dtl)$ 

•t•tloa, one cootrol statioo , ooe '"dOVQ 
curt"eat" atatioa., aad one •truce channel 
atatton); 

6) Characteri10 the •P•Ci•• c011po•ition 
a nd deneity of benthlc communiti•• in the 
DXDS , ln th• control •it•, a nd in the "down 
c urrent" station•; 

7) Oetera:l.ne tho dear•• of bio.ccUMJl.atioa 
of pollutant• 1D sel•cted aldtnU.rJ benthtc 
orp.nia.s coU.cted fr• the DICDS, control 
alt•. and "4owo current" etatloaa; 

I) A.ue•• the eff~t• of the pre. .. t 
•rad1ecl .. t•ri.al diepoe.al practice• oa bottca 
c~tl•• in the ttCDS aod the three "dow 
currnt" •t.etions. 

Reaulta presented in thl• r•port provide 
ba1a11ne data neceaaary for appral•J.ns the 
•ffect• of depoaition of dred.a~ .. t•riel in 
the Georgetown ocean di•po•al arta. The •tudy 
atao 1upplementa exl1tina knovleda• of the 
phy•tcal. chemical, and btoloaical cti.racter
iattc• of t.be oeuabora aand bottom Mbtut 
off Sou.th C.rolina. 

Review of Exlstlnc Information 
TIM folloviag •urvey of ui•t1J1& infonaation 

l• 1D.teftded t o provide a britf d••criptioa of 
the envirol'lllttt.al condition• •nd biological 
r1aource1 nea~ th• C.ora•t01M DKDS. Thi• 
intonaatton 1• c011pared vith thet d••crtbed by 
tit• US EPA (1982) for aiallar di1po .. 1 a1te1 
vtthln the South Atlantic li&ht. 

l!NVIRONKDl'tAL AND BIOLOCICA.L CKAJt.ACTFJUmcs 

Hrdrograpb1 &Dd CUrreat• 

A ...-ry of pr .. tou,1 •tudl•• vb.tcb provld• 
hJl'd.rot:r•phic date to tM vtc1Ait7 of cbe 
C.OraetO'im tla>S 11 pt"e1eated iD tti:vre l. 
Althovab aoet of tMu •tudl•• 8Mpled areas 
either ta.abore or offabore ot ch• propo1ed DMDS, 
tht data generally support condttlona de.serf.bed 
by the US EPA (1982) for ne•r1hora South 
carolina w,,ter• . 

Surface ~cer te.p•ratur11 in the near ahore 

:!. .. .:O:~o~~~!:h0;-r~;;0~·:::!~ ~!t:!~~~: 
nMr S.varm.ah. Cha.rle1ton, and WU..1.Qatoa (US EPA, 
1M2), a.ltbougb teaperat1;1r•• have bl:eo DOt.-d 
1ilhJch uceed thou extr..._•. ror .xaaple, 
~thlva aocl Paalwk (l,11,

0
1911) n.oted 9'1l'!•c• 

teiaperatures froa < 11-22 C iD naarehore Sovtb 
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Figure 1. Location of hydrographic study areas and surface circulation 
patterns: lBureau of Land Management (BUI), 1981; 2Mathews and 
Pashuk, 1977; 3Mathews and Pashuk, 1982; 4Allen, et al., 1982; 
5Churgin and Hal.minski, 1974; 6Hinde, et al., 1981; 7Johnson, 
1970; 8Jones, Edmtmds and Aasoc., 1979a, 1979b, 1979c; 9Mathews 
et al., 1981; l<liu.nerals Management Service (MMS), 1982; 
llscienca Applications Inc. (SAI), 198la, 198lb; 12SAI, 1983a, 
1983b; 13sbealy, 1974; 14south carolina Wildlife and Marine 
Resources Dept ., 1979. 



C..rol1na waters durina tour ... pltng p•riods 
of 1973 (Feb. - Nov.). but durtna 1974 {Hay -
Nov.), tcaper•ture• varl..S from 18-27.5°c. 
Chu.rg.1n aod Ha.t..ift1ki (1974) al10 pretented 
water temperature data collected over a SO- ye.ar 
p•riod free itlsbore -~ offthore vatera of the 

::!.°:a~~!;!':~· 1~~~~9, ~o~d ~~:d ~::i!:e of 
the Georgetovn. DKDS, Allen •t al. (1982} 
collected uaplu frc. Uinyah a.y aod o•scrved 
l"Urface temperature• r-alq fro. 6.0-lt.7°C at 
thiir at.atico near the mouth of chi: a.y. 
Sl.aUarly

6 
aur-fa.ce t•peracur•• r•11ng fro. 

11.0-29.8 C wre noted ic the aouth of the 
Korth Santee River (Hathwl •t al •• 1981). 
Water temperatures 1.ft nearthore ar•a1 ate 
priaarily influenced by air t .. perature and 
river runoff. 

TIM .. 1tnity end turbidity of vater ia the 
vicinity of the C~rsetovn DHDS 11 areatly 
lnflu.nc~ by vatera frcm Winyah Say an~. to 
••• extent. by \qt era fro. tM Sant•• livers. 
Ptaure 2 clearly abov• tM influence of Wiftyah 
lay vater1 vith respect to turbidity ct~ 
..St.eat loads. O\iviwaly, vate:ra fr«* Viftya.h 
lay are also influcncl.Qs the M.11.oicy ad 
t-sierature in tbt- ar .. of the DHDS. IA t.be 
90Uth of WUtyah Bay, Allen •t al. (1982) 11ot.S 
aalinitie• ranah'I& fro. 27.2->S.2 °/oo md never 
recorded ucchi dtsc r•adinl• ar••t•r tl'an 0.65 •· 
At a cearby location in the: Bay , Kl.theva and 
Sh•aly (1982) obterved extr .. •ly lov ••lJ.nitiea 
(< 2 O/oo). Sillilarly, in th• •outh of the North 
Sant••· Kathevs et al . (1981) noted aalinitie• 
fro. 0.2-32.9 O/oo a.ad ••ccbi di1c E"ead14gs which 
never uceeded 0.8 •· Further off1hore, Matheva 

~ii:~:~: ~~~·r!!!~ ::::r;;~,~,!'f~j~ in 1973 
atld 34-» 0 /oo la. 1974, Piully, ove.r t-'W SO-year 
pe:riod evalu.ted by Chu.qiD aDd. Ba.~kl (1974), 
.urface ...iJDitt.• 1111 ~rtbor• and off.s?iore 
vat.er• r~ed from Jl.9-)S.t O/oo. 

Due to t.he •h.allov depth9 ia th• Ceorgetovn 
DHDS and its proxiaity to Vinys.h a&y •ad the 
Sant•• liver•, vertical 1tratificatioa of 
•&liniti•• in the area ii d1pend•t on t!dal 
tt•a• . vind diaturl>anc• and the •mount of fresh 
vater runoff. After the 1ch~~l•d rediver1ioo of 
wter flov froa the Cooper liver to tha Santu 
R1ver1, the hydrogrsphic re.sill• and vertical 
etr•tiflcation JD ttt. area of th• Georaetowa. llKDS 
.. Y be co11sider•bly altered. 

Cuneat ptittem• 1D tbe vtclntty of tbc 
C.Orsetoua DHDS bavt oot. bMft well 1tudicd. 
C«a.e:ra.117, loagsbore aQil .,..r1hor• currait• t'\IQ 

1A • south•rly clitect10ft a.lOftl tbe South C.rolin.a 
coe1t, although lo.ahore curtimte bec099 l••• wd_l 
defined in the fall (Katheve and Pa1huk, 1977). 
Thi •trong tidal cur-rents ln \linys.h J,ay also have 
an influence Ol'l vater flow in th• area ot the 
Ceorg•town DMDS . Cenerslly , fee tor• considered 
mo1t Uaportaat 11' influetictna inn1r-1helf 
circulation pattern• are vind and vater density 
(Science Applications, Inc., 1983). 

Wave energy is 9od.erat• alon.a the SoJtb 
carolina coast becau .. vat.ere ar• relativaly 
ehallov for a c:oa•ld•rabl• di1t•c• offsMre. 
Wave• l••• than 4 ft. are ob .. rv•d SSZ of t.he 

J 

ti•• and \lflVC• gre~ter than 12 ft. are 
ob1arved only 21 of the c.i..e (HMS, 1983) . 

Bottom Sediatents 

Sed~ncs in th• near1hor• are• arovnd 
Winy.ah a.y have not bee:n v.11 ttuditld, but •h•lf 
aedlMnt• ia chi• regloo eppear to IM priaarily 
repreMat.S by aediua- to co.r .. -ir•iaed and• 
(Pilkey et el •• 1979; ttc:S, 198J). A amaary 
of Mdl.Mntoloeic•l coodttioa• Ota the •h-elf 
off South C.roltna it provided la Flaure l. 
In th• ntraac• channel of Wioyah aay, Ril'lde 
et al. (1981) obtain .. ll.aited iafor.atioo on 
••dlll•nt1 at thre• stations jutt outllde the 
jetti••· Two of the at•tiona 1aapled in that 
ttudy (CWOl and CW02) v1re .Ottly •edium to 
coar•• sands (> 90%) and the third ttation (CVOJ) 
vaa 110•tly 1ilty clay1. 

With respect co ... taent tran1port, 
Hatheva et al. (1980) indicated that th• north 
jetty of the Vi.ayah aay entraac• chan~l trap• 
the aoutherl7 littoral drift of MdlMata, 
r••ultift.c 1a d~ltioa •t th4 tout.hem ead of 
Jlorth Island. Tbe7 a.i.o iaicllc.ated that the 
ort.al.Ul Winyah Bey •l>b-tidal delta baa largely 
~en d••troyed si.Dc:e co.pletiOD of the aoutb 
jetty. Stapor (1978) not .. that betve~ 1925 
and 1964 South Itland e:x~•rJ•nctld a net 
depotitioa rate of 70,000 • /yr. froa on•hor• 
.ov .. ont of a•nd under the influence of wav•• 
and tidal curr1nts. If •imilar depo1ition 
patt•nt• are occurrina pr•••ntly, it i• po••ibl• 
that 1ed~t• diapo•ed in the DHDS would llOVC 

1horevard to..iard• South !•land. Additionally, 
IQll4, di•poa.al sediaentl could alao llOYe back 
lnto the bay channel• due to v•ry atrona tidal 
c\lrrenta. Sttause of the 1ballCN bottoa depths 
iD tbe. Ceorgetovn Dtl>S ~ 6-ll • ) and the: 
proxtaity of thi.I aru to the totraiic. c.b.u:m•l, 
-•• action and tidal cuneota 1houl4 k the 
prtaary facto'I'• 1.afluenctoa •tldi.Mot 41atriWt1oa. 
Detailed bat-hyset-rlc •un•y• ta tM aru tbov 
DO clear evidetice of tedilM:nt ao""°dlna •1 a 
r•1Ult of past dispo"l activititl (tee Figure 
4 for a plot of an April 1983 1urvey). 

Cheai1try and Pollutant• 

Diaaolv•d oxygen in n••r•hore and 
off thor• Wllt•rs off South Caroliftll vere r•corded 
ov•r • SO.year p•riod bi Chl.lraltl and ttalain•ki 
(1974), Values ranged froa 3.8-6.l al/l, vitb 
htah••t aver•ae ~oac:ea.tratloo.t ob .. ~ duriftg 
th4 villt•r and lovest aver .. • cooe.entratiOAS 
obMned in. che ~r. Mu.r Vtayah aay, the 
di•aolved oxygen in 1urfac.e c01atal \ater• 
r-aed fro- < 4.0 al/l co 6.S al/l during 1973-
1974 vtth tiail.ar 1ea.sol\l.l trtod1 1n concntra
tiona (Hathe.v• and Paahuk, 1917, 1982) . 

Nutrient input to the Ceoraecown D~S 
ar•• .. y be •trongly influ•nctd by vater• troa 
Vinyah &ay. Although no ••••onal data could be 
found for \lfltert at the Bay entrance, Allen et 
al. (1982) coll.cted .... pl•• at cvo station• 
in Wt.n.yah &ay and noted a bt.llOdal pattern or 
nitrate and nitrite cooc•ntracioa.1. "J&hest 
valu.• vtre observed in late fall, vi.acer, • .nd 
1prtAa; love•t value• ver• noted l.a tuemer. 
All• et al. (1982) al.-o aea1ured phoaphorous 



Figure 2 . 

4 

Lands~t photograph of Winyah Bay and ncarshore coastal waters. Note 
the large plume of turbid water which encompasses the DMDS area . 
Lighter area at bottom of photograph is reflection of the sun. 
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Figure 3. Areal distribution of mean grain size: 1Pilkey et al., 1979; 
2MM.s , 1983. 
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Figure 4 . Three-dimensional plot of bottom survey data collected in the
Georgetown DMDS by the U . S . Army Corps of Engineers, Apri l 1983.
Rectangular boundaries represent the DMDS boundaries and dots
represent the stations sampled during winter and in the
present study. 
to the horizontal scale.

The vertical scale is greatly exaggerated relative

http://www.mrl.cofc.edu/pdf/tr50s/Techreport59-2.pdf


lev•l• and noted higb4:1t concntr•tiont 
in 1....aer and e.arly fall and loveet conctntra
tione in winter. 

Jcmea. Edmunds •nd A11ociate1. [nc. (1979c) 
... 1ured concentration• of nutritnta, tr,ce cet•l•, 
•nd ora•nic pollutant• in vat•r• fro. the 
C.oraetovn llKDS, ae ve-11 aa fro. four et&tions 
in th• entrance cbaanel. they did not dttect 
uy pe1ticide1 or PCle 11:11 their ._plea, aor 
did they obMrv• hi.sh coac•trationa of 
avtriata or ttac:• •ta.ls -.on.a the .-ples 
t•ttH. Bovettr. chey did ... avr• c.a4aita 
coaeentration la DMDS vat•r• vhich n• 22 
tiats the llattlaa p•r.l11ibl• coacentr•cioa. 

aed sediments in Winy•h ky ,,,.re •n•lyzed 
for tr&ce metals and p••ticid•• by John•cm 
(1970) . He concluded that Winy•h Bay is 
r•latively wtpollut•d by p11ticid11, although 
he found tome trace .. tali. Sediaenta 1D the 
C•orsttour\ DKDS have not be.n •aalyaed for 
petticides or tr•c• .. t•l• prior to the present 
et....S7. but Van Dolah •t al. (191,J) qot~ oaly 
lov coaccntratiou: of .. cue aad autriata: 
1D a..:11.M:o,ta collacted fr• the CMrle1tca 
llHDS. 

Ito lop 

Phycopl..ankcoa ~ aoopl••k~.. e o.......ici•s 
h.av• not been well atudied in the nea.re·hor'e 
coastal vatere of South C.rolf.Aa. The liait ed 
date available for th••• plankt.onlc aroups is 
best euaaariaed by Sandifer et al. (1980). In 
Winyah Bay, Allen et a.1. (1982) examined 
chlorophyll concentratioa1 and aoted hlghe•t 
valuea in ~r aooth.e (Julr - Sept.). Just 
north of Wtny&h a.7. Loatdal• Md Coull (1977) 
.u.iaM the. .... .90Ul coa.poattioo of &ooplanktcm 
c~itie• 1D Hort.h lAl•t. !'My noted tUt 
copepoda doatnat.ed t.ht c~lty (64--691 of 
tOta.l daft9it:y) vith the .o•t abuoda.a.t .,.CiU 
kiq Parvocat.anu.. craa1tro1trt1, Acart:ia 
tonM 0 Oltbona colcarva, aad ruterpiaa acv.tifron•. 
Tbi"Us !PA (1982) al•o not•• that inthOre ~te.r1 
are da11io.ated b7 cop1pod1. 

The potential effect• of otfahore di•poe«l 
on plankton co.munit1•• •round the Georgetown 
DHDS cannot be ea1ily defined, but it i• likely 
that 1.ncre.a1ed turbiditi•• frOll di•iw>.al 
operation• vou.ld IMv• a.e locallted iapact:•. 
Of 901t cone.era. are the Mt.tplii of c•rta.111. 
194<1•• of abriap (Pet1aeu1 aetiferu1 0 !.• aztecua) 
and larva.! icbthyofauoa. Short:-·t•ni dUpcAl 
ot l&nd aedt.e:cita abould oot Mve &ft enduria.g 
1-pact oa the•• t.ax,s, ltil.it loaaer-ter. dllp:»sal 
or di1poMl of ailt• and clay• aJ4ht 'be llOr'e 

eevere ill their effect.•. 

lenthic COllllUniti•• ar• problbly the belt 
biolo1ieal indicator• of d11po .. 1 iapact• becaua• 
llOlt inf 1unal apecle• co.pri1in1 tho•• co.aunities 
are relatively eedentary. Benthlc co..auaitie• 
inhibiting sand bott<* areas of shli.llov cc>a1tal 
waters have be•a exaained in t he Ch•rlett.o:i DKDS 
(US EPA. 1982; V.a Dolah et al., 1983) an<l at 
>Wrrell• Iol•t (lftott et al., 191·3a., 198lb). 
U.it.ed aaaplea wre a.leo collectN in the 
entrance chaftftel to Wi.Gyah lay ju•t outsid~ the 
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j •tti•• (Hinde et al., 1981). Relatively 
diver•• inf •u~l ••s .. blsa•• vere noted in 
all ar .. a, vith polychaet•• a•ntrally dominating 
t.~ coa.unities. Abundant tnfaunal 1ptcie1 
in th• Charleston DMDS erea t.nclud•d th• 
cephalochordate Branchiosto .. c•riba•ua; the 
etpunculld Aapidostphoo spinalie; th• polychaetes 
Spioph&t1ea boabvx. Coaiadtd•• c•rollna•. Spio 
P'tttboaue, Nephtx• pie.ta and Prioao1pto 
crietat•: the lutw.litUom bryo&N4 O..pul!drla 
d-.a; thoe aaphlpod l.hepo!!!tv• n'•tomas; and 
'Oiiiitoct•s (Vaft Dolah et al •• 191 ) . At Hi;irrells 
Iolet. the •blmd.aat subti4a.l infauu veT• t.he 
polycha•t•• !• bombp, Scol•l•pi• !QUWt.a and 
Podarit. obtcura; the aaphipod• Protohau•torius 
deict.annae , Ac-anthohauttortus alilsi, and 
Platyi1chnopidae; the blv1lv•1 -i9'Ii'iiia ap., 
Craaainella .. rti nicen•i• end Donax variabilia; 
1nd n ... tode• (Knott et al., 1lilb). In the 
entrance channel to C•oraetovn Harbor, the 
btvalv•• Kulinia lateral!• and c·raaainella 
lunu.lata and the polychaet•• !• c riatata and 
ParaprlOC'L01pio pltmata vere 110at abundaat (Hinde 
et al.. 1§81). 

Se1aUe benthic lovertebrac.ea c~.ly 
fOl.IDd ta the Charleatoa DHDS tocluded t.he bydroid 
ClytU crllndrica; the bryocoaas X.bra.nleora 
t..nula. Kicropor&l.la cillata &oil ParallaJ.ttiAa 
ft"i't'Id'i: •ad the ba.ra.acl• a..ianii• YUUttUI. 
Hoet of 1;b• the•e -••il• •P•Ci.41• -r• •tt•c.bed 
to larae •hells, and other tira 1ub1tr1ta. The 
bivalve Chama macerophylla and th• aand dollar 
H•llita sutngul••p•rforata 1H!tl alao prevalent 
in thia DKDS , vith M. guingui••~•rtorata being 
aott c~on in finei sedi.ment1Yan Dolah et al., 
1983). 

Io the entrance cbano.el to C.Oraetovn Harbor, 
l&nd dollar• Q!. 9°r0 gui•!p!rforat.a) were the .ost 
abuodaot la.rge l.Dve:rtebratea collected by dred.ge. 
vheru• abriap (Peoaeua aettfeN.1. P. aatecu.s) 
aad blue crab•. {Callinect•• Npidu1T wre th-e 
llOlt abundant it.lvertehrat•• ca~1ht by travl 
(Hind• et al .• 1981). ve:aoer et al. (1981) also 
tO\lftd these decapod cru1t.acun1 to be n\mlrically 
dOltin.ant in their 1tudy of Vlnyah l&y. 

No long-tera effect• ot dispo .. l on benthic 
C011aUnitie1 have been detected in th• Charleston 
OHOS, priaarily due to the eiailarity of dredged 
.. cert.al to the exllttna sedia-ents in tM 
disponJ. area (Vaa Dolah et al •• 1983). Oita 
oa beathic comaiuoities pr••cot 1.D the C.Or1etown 
DHDS vere lack..iog prior to thll pres.enc atw:ly. 

O...rsal flab c~iti•• ae.oct.ated vtth 
NDd bott• hlbittt lD Soutb caroliu coaattl 
wt•r• have been a.ined by Venner a.tld krana 
(1910). DcalMot specie• 1A the 9-11 • depth 
coa• included touthern poray Steaoto.ua 
acvleatus , •ea cat (Arius fell• , sand perch 
Di lectr\19 for-.oet.m), li1ard ieh (Synodue 

foetens and •pot (Leio•to.ut xanthurua). 
Abund1nt fi1he1 cauaht in the Ulnyah Bay 
••tuarin• aysc .. by Venner •C al. (1911) •nd 
Allen •t al. (1982) included Atlantic aenh&den 
lrevoorti& tyrannua). silver perch aa.trdtella 

ch 1ura , bay anchovy (Aftchoa attcht li • star 
dn. Stellifer laaeeola~ veakftah (R:t:•clon 
reaalia). spot <!:.· xanthurva) . \lhlt• cat i•h 



(lct•luru• ~), Atlantic cro•k.er 
(Kicroeogonta• undulatu• • bog chok•r 
(Triflecte• .. culatu• tad tonguefi•h 
(SY!phur!• tu.. • Ril'lde et al. (1911) 
aleo collected theff apeci•• mid m-.erou• 
other•. 

S1olot:1c.al data collected !roe the 
abo-re studi•• 1•q•r•ll1 .upport the infor
Mtlon pre•nted by the US EPA (1982) tor 
th• South Atlantic Sta.ht. Hove••r, n.ctp
ttoa• are aottd vith rt•,.ct to il'ltaunal 
••••blaget (••• la1ult• and Dt.acu•slon). 

LOCAnOll' u uu.nOM TO LIVDIC AND -
LIVDIC llSOOlCU 

Pi•ber1.ee and Shellftah Cround• 

C0919arclally and recreattoaally t.po:reant 
1pec1•• found in the astu.trine and co.at•l 
.. :rtne •r••• arou.nd Vinyah S•y include 
•hriap C?enaaua ••titarua, !· a&tecu•), bl~• 
crab• (C.llinaet.aa u ldu• , oyat•r• 
(Crusoacr .. rlr tnlca , cl ... Okrcwria 
.. rcea.aria) , Atl.aotlC •turaeoo Ckie-Mr 
O!Y!lm!cl:m!> aad otbet f1Dfl.ah .,..c1•• 
.vcb •• \alack Ma ku (Ceoc-roprUt:ia 
atrl.at.a), por11 • n• !.!I!!!.• C....U.U.. 
1 .. V"a•r:->. srouper rca atcrolepia, 
!:!.• pbenu), red napper Lut aoua cr:ecbal\u•), 
.. cktrel (Sco.bera.orue cavalla an aany 
others. Th• aenaral location of th••• 
fiaht.rtea ta a ..... rtaed in Pigurt $. 

~rcial •hr1apln.1 occur• priaarily 
vit.hita J all•• of •bore; bovaver, arouad 
the eatraoce to Vloyab lay ahrl.-per• o ften 
wrk fu:rt.M.r o ffahore (l•S m.. ). I.a SouO 
C.rol-1.na, •hri9p1Aa occura f:roa May t.h:roup 
Dae4al>e.r vi.th p•k cetch•• !ta Sept•kl' &nil 
OctoMr. Incidental catches froe tM 
shriap ft.s~ry ar• alto acono.ically tapor• 
cant and itlclude Mny finfiah apeci•• 
(Keiter, 1977). Shrt.p population• in th• 
•ru around th• d11poul atte aight d•cliat 
durla.s periods of dlspoaal d.ue to the 
a•90Clated iDcr•Md turbidity; howvar, 
the affect• of offshore dbpo .. 1 of 
dr·•sed .. terlal• oo •brimip popu.lation.• 
haft DOt bffQ Ma.qu.tel,. •n.d.ied. 

1"b9 aoU~k fUMri•• are alao •••&«\&l, 
begitmitl.g in S•pt•ber ud cadiD& in Kay. 
In Georgetown County, cl• laodba• vtr• 
of •uch grutar econo.ic v•lue than oytter 
la.nd:lq• during 1982 (SCWKID, ut1.publ. d•t•), 
Cl• harv••ttn.a in tM Santa• estuary 
incre.a.aed con1ideTably after the int.rodu.c· 
tloo of hydraulic harvut.ing !ta 1974 
(Mdeaz.ie et. al.• IMO). 1'be *CMdulad 
r .. Jve.raioo of vatere froe tbe eoop.r 
ltYU utu.ry, ~r, la apect.•d to 
la.ra•tr destroy •hlllfi•h a:rouada in ttwt 
Sute• estuary. Di•poNl of offshore 
chaanel sediment• in th• Georgetown DHDS 
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v lll prob1bly not. have much effect on the 
inahore shallfi1h around1, 11nc• they er• 
not clo•• to the DttX>S (Piaur• ''· 

The *90Uftt of blue craba cauaht 1a. 
CaoT'Setovn Cou:nty waa ar .. t•r durtaa 
sprift.a, •--r &ad faU 90Dtba thu duriAa 
vtnt•r, vttb 1r .. ta1t c•tche• duriag Karch 
of 1912 (SCWHID, uapubl. data). M uoted 
foT cl .. and oytter bed•, it 1• u:olikcly 
that the blue cr•b f11~ry in the Winy•h 
lay •od Santee River ••tu.triea will be 
tnf luenc9d by offahor• dispopl of sand 
s9dt.«at1. 

C-.rc.la.1 fb.f1ah l.aDdlGJ• b 
C.0Tlttowa Couocy tot.sled eoT• than tvo 
aill1oo pounds (Scaa.D, wpubl. Uta). M 
noted .. rl s..er. aatiy of t~ fi•hu l.aaded 
tacll.ad• bl.-clt au ba••· a rou,.r, lft&pper, 
poray and other reef t'i•he1. Tbe-ae fi•hu 
•ra a•soclatad priaarily vith off1hore 
hard botta. reef habitat•, which have not 
b••n found near th• Ceoraetovo DKDS. 

Vinyah lay i• the locatioa of the 
b1'gett Atla.tic •t"IU'$eoD fhhe:ry 1a t.be 
S.. l•laod• coutfl rea-100 (Mc.141Ds1• at 
al •• 1910) aod al.8o•t 50,000 lbe . of 
arura.oo wre .t.aoded ta C.OraatOtlla Couot;y 
durf.oa 1982: (SC\llll), uopubl. data). '"'*-•• fith are gen.erally caucht vith neta 
••t in tha ocean near th• J•tti••· Due 
to th4i proxiaity of thi• f f.thery to the 
C.oraatovn DHDS , there i• the poasibility 
of n•&•tiva effects if di•po•• l activiti•• 
talta place vti.a. •turgeon are a bundant 
n .. r the DHDS. Although •J>M:iflc eff:ecta 
of di•,oeal operatloo• O'll •tvrt.oll popula
tiooe M•• oot beeD doc\9eDted, l'kt~ 
(1977) ooted aortallt)' ud di_,,l&c-.t 
of other ftahu r..W.tlA& fro. ta.cr ... ad 
turbidity. Le.laftd (1968) iadf.cat•• that 
•turaeon a•ther at the iol•t• durto.a 
Pebruary aod Karch and then eov• up the 
inlet• •• t..,,araturaa rise. 1'h4: fiahing 
... ton •round the jatti•• b••1n• lS 
1abl"\lolry and end.a lS April, elthough 
stu:raeon are •t.lll in the ar· .. after 
that date (s.J.tb et. al •• 1912; SOilCID, 
unpubl. clat.a). Jto•t st-uraeoo 1.aodlo&• 
ill C.Oraetoua County occurr .. fr• lelt"Nary 
t.o Jme; dur!Qg 1982, vitb pu.k lmldJ.ac• 
occunLot: durtna Karch aad Aprll. 
H•a•tiv• ia.pacta oa the ttU-raeon ff.1hery 
could be ainiaised if df.apoaal operation• 
era avof.de:d duriag the period froa aid~ 
February through Hay. 

lecr .. tioaal ft.nli•h catchu ar·e 
prialrily fro. be...:1-boat cbarters to 
o(febore H&.f•, fishiDC OD pr1¥ate boet.s 
for reef fte.h a:id tars• pe.lqtc •,.ciu, 
•nd pter fUhlD.g. Jtoet recr..tioD&l 
finfish catcbe• would not be inflMKed 
by dl•poaal activitie• ta tM Ceorgetovn DMDS 



Figure 5. 
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Location of commercial and recreational fisheries resources : 
loavis, et al., l~80; 2BI.M, l98l; 3'!oore, 1980; 4Myatt1 1978; 
5Smith, 1983. I 
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elnc• there are no pier• or reefe 
n .. rby (r1,are S). Recreational fl•hin& 
•round the entrance chaon•l J•ttt•• to 
Vinyah a.y aay be affect..t t .. porarily 
by incr ... aed water turbidity. 

Natural and Artificial Reef• 

The approxiaat,• locatioo1 of artlficUl 
reaf1 1a the study region are id•tUled in 
fipn S. the "Ceorgetowo Vrac:k" le the reel 
our••t the mms and U located appro::daately 
S all•• to the oort&ust ()tyatt. 1971), 1bt 
OG.ly other reefe aur tM DHD$ are the "Hector" 
alld "City of lic.1-oad'' wecb located approl.i
.. tely 9 ail•• to t.be eouth-90Ut.tt.aet. It Ja 
unlikely that these reet1 would be nagattvely 
influ.aced by di•posal operation1 in the 
Caoraetovn OKDS, due to their di1tance from 
thi• •lte. Natural bard bottc. reef• are not 
known to occur in the ar .. around Winyah 8ay: 
rather, mo1t natural reafe are located further 
off1hor. (He:ory and C1le1, 1979; Hiller aad 
llcharde, 1980; SCWKID, 1982), or farther 
to the oonh (Park.er et al., 1979). "Eaat 
laAk", a aboal 1.oc.ated •PPtOx.1Mt•l7 oaa 
aU.a to tbe .wthvut of the tlG>S\ aay 
M a •h&l.l bes:ak npportltla M••il• reat 
\iota; bowncr. ao etildia• hava bee 
dO'D• OQ thia bell. 

!:ndanaared Specie• 

Hlbitat location• tor endansered epec.les 
in cha etudy area are ~rte~ in Figure 6. 
lb• two aoet 1.aportant apecta1 that alght be 
affected by offahor·e d11po1al OP41!tation• are 
the ahortnoee ecurgeon (Acip!n .. r brevlroecrua) 
a.ad the loage.rhead turtle (Car•tta caretta). 
SbortDOM atu.rgeoo have bffo collected 
•round the jettiu in vint•r (Satc.h, t.1.J.

0 

per·•· c_.-.) • but t.tde apeciee •P*Gd• .O•t o! 
lt• 1Jf• ill fraehwtu (lAlaod, 1961). TIM 
incidence of loaaerl»ad turtle M•tills la 
aod•r•t• oo 5orch Ialand ad high oa South 
teaod (Davt• et al., 1980). ta South CaroliAa, 
adult fem.al•• coae ••hore to n••t froa atd-
Kay to •id-Au.suet , .O<t lu.ny appear to uae the 
wat•r• a'C'Ound the DMDS durtna their •ov ... nt• 
(Hopkin• and Hurpby, 1981). The influence of 
dl•Po-..1 ect1vitie.s on curtla .o~ ... nts are 
not know, but effects would proHbly be 
liaited to locaJ.ia:ed ia.tarruption of oo•hore 
•tt.ratioa r•tber tba.n any dir.ct 1a:p1ct oa 
beach nesting are.u. 

?be locatioa of •rine htatoric&l fMtl.lf••· 
pteM.rve.a, vlldlife. cftlltete, tect .. tiooal 
beachee end port• •r• •how. ia rtsur•• 6 a:od 7. 
The onl7 aeerby bietorlcal feature, ocher than 
the thlpvrecka mientioaed prevtouely, 1• th• 
"Sir lobert Pnl" vreck located ju1t 1nehore 
of th• OHDS. No hiacoricaJ. fa1tut•• are ka01m 
to be located within the OKDS. Althou&h there 
•t• nU1M:roua preserves and v11dl1f• c90.ter1 along 
the couc, offahore diapoNl of Nnd eediaei:ita 
in th• C.oraetovn DKDS is aot upected to ha"• 
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uy etgn.lflcant Ulpact on the vildltfe !.ft 
thoae 1ra.aa. Fur-tharaora. diepoaal 1• QOt 
anctctpet4td to adveraely affect the a .. r••t 
recreational beaches, vhich •tt located 
approxi.aately lS ailes to the north of 
Wtnyah Bay. Finally, •hipping co the port 
of Ctors•town would not be t.pedtd einc• 
the dlapoeal area ts located ovt11de of th• 
ahippins chaanels . ' 

Methods 
LOCATION or STUDY ill.AS 

Th• a•n•ral loc•tion of ltltloo• uapled 
in thie atudy ia ehovn ia Figura 8. Stettoae 
located tn the Georgetown D>a>S vere within the 
boundari•• defined by • r1ctan1l• having th• 
tol10Vin$ corner coordinatae: 

(1) 33.ll '18"N 
79•01•20•-w 

()) ))°10'38"11 
79•01'21"V 

(2) 33•11' l&"H 
79•os•2111v 

<•> 13•10'>1''X 
79•os•2•"W 

ni. control •it•• Ml.c:tttd for acudy wre a.l.ao 
locatttd vttbia • recc.asutar aru altlUlted 
ju•t QOrtb of the a .t:rn.c• chao.D•l to 
Ceorgttown Barbor. Water depche lo thia 
•r•• vert et.Illar to th• r:tms and th• coo.trol 
area ""' 1pproxlaacel7 the ,,.. dl1taoc• from 
thore. Coordtn.tu of the corner• of the 
control •r·•• vere: 

(1) 33•12 1 30"K 
79•01 1 09'"W 

Cl) 33•11 'SO'"N 
79•01 '09"'V 

(2) 33•12'30"N 
19•os•12''W 

<•> u•u•sO"ll 
79•0.s'U"V 

Vlch.!A botb the DKDS aDd the coatrol •itu, 
l.S poLata vere locatttd .o tbat there ver• 
thre• rove of S aq~y &paced poi.ace (Ptaura 8). 
The four corner potcta t.a each araa vere 
loc,aced approxlaacely lSO • inaldt the •it• 
boundarite. Th• e.aet-vett eeparatlon of point• 
va1 epproximately 680 • and the north•aouth 
••paratton of point• vas approxiaately 460 •· 
Five point• troa each of th.a •bov• artet (DHDS , 
control) ..,.r• ttndoely selected durtna vinter 
(february 198.)) and a....er (July 1983) ... pllng 
period• utf.na e atratifled raadoa Mle<tloo 
cac.hetqua; t.e., oa.e point wa1 randoaly 
MlktH fro. each of the S colt.milt of l po.iate. 
ThU ... lilaa d••i.p: in.wred ..Saqvat.e __,Una 
of ueh are• for a c091pl•t• r19re..atatioa of 
the bottoa. ?be ratldo. ampltaa deetp al.a 
peraiccttd appropri.ace •t•ti•tlcal aa.e11 .. •· 
Statloa.t ••lect·ed for e&aplina durina each 
•ueon are lteted in Table 1. All ttationa 
were loceted using Loran-<: polsttiong vt.ch • 
t.or1n plotter •Y•tea. 

811ad on th• guidtlin•• of Pequeanat et al. 
(1981) •od on llaited current daca, tvo 1c.ecion1 
wt• located in the general dir.ctton of 
pred•inant n .. rehore cu.rrtat•, and t third 
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station vas located betve.n th• DMDS and onshore 
resources. Coordin.ates for these stations, 
coll•ctively referred to •• "do\.11\ current'' 
stations (Figure 8) , are listed ln Table l. 
Two additional stations were loc.ated in the 
entrance ch&nuel, one near the outer liait 
of the south jetty and one farther up the 
channel ne•r the Georgetown lf.3.hthouse 
(Figure 8). These channel stations vere only 
• •pied du.ring the suaaer season. 

HYDROCRAPHIC ASStSSMM' 

Temperature, t.alinity, dissolved oxygetl 
and turbidity m .. •ur .. ents were obtaioed at 
surface, aidvster and bottca depth intervalJ 
uaiog V&l'l Dorn bottles. A standard th•~ter 
was used for temperature mea.surements and 
Yellov Spriogs Instrument SCT-00 11.eters and 
probes (Hodel 33 sCT, Model SI DO) were uae4 
to •u•ure a.11.nity t.nd di••olv&d ox.yaen. The 
accuracy of the.a• instruments vas v• rified 
prior to saapling by separate measur .. enta of 
a surface "9ter sam-ple ta~ at each site u•i.n.g 
a backup sec of iostru.ents. TUrbidity s .. plea 
were brought co the l aboratory !or meaaureatnt 
on a Rach Model 2100A turbidimeter. All water 
parameter• were measured during winter and 
sU11m11ar periods at nine stations : two i1'l the 
l»CDS are• (mo•t laadv•rd &nd 90St seaward 
stations), two 1n the contro·l area (most 
1-ndv•~d .nd moet •••..,.~d et•tiO'D-•), the three 
"down current" st•tioaa, and the two cN..nnel 
station.a (1JU1111er only). 

During the S\mller sampling period, 
addition.al water •ample• were collected at 
four station• (CS09 . DS08 , DC02 and CH02) for 
m.a.ly••• of oil and Jrease, lead, ...zinc, ••rcury, 
cadmi\111, araeoic , chromi1,111 , nickel , copper , 
PCls (as Arochlor 1254), Heptachlor, DDT ant 
metabolit es, £ndrio, Dieldrin, BBC, Mires:, 
Methoxychlor, Chlordane, Toxapb.ne and high
.olecular-weight hydrocarbol'le. The.se saaples 
vere collected from bottoa waters u.91.ng a 
nonm.etallic, acrylic, Yan-Dorn type water 
bottle with silicon-coated end c•ps. TM 
aaaplea vere collected, processed and 
analyzed in the laboratory usioa .. thoda 
described by Pequegnat et al. (1981). In the 
ca•e of tr•ce metals, the 4lternative 
procedures described in Federal Registers 
(Vol. 44, No. 223, p. 69568: Vol. 44, Ho, 244, 
p. 75028; 1979) were used. Nutrients vere 
aeasured using a Bausch and Lomb Hodel 70 
spectrophotoioeter. Pesticide• and hydro
c•r·boas were aeasu,red using a Hevlett-
Packerd a•• chroaatograph, and oil •nd greate 
was ••sured by freon ext.raction. All .. tals 
vere analysed either on a Perlr..in-tlmer Hodel 
306 or Kodel 460 accaic absorption spectro
photoaieter, with th• Model 306 b•ing used tor 
all flame analyses plua t he mercury flamele .. 
analyais, an.d t.he Hodel 460 being uaed for 
graphite futT1;ace (flameless) analyses. 

Current oeasurcmcnta were obtained at 
the 13 st•tions outside the channel during 
both seasons. An Endeco Hodel 110 current 
meter was used to obtair\ surface and bottom. 
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estilllates of current speed and direction. 
All me.asure:ments were obtained while the 
research ve11el was anchored on station. 
Surface measurements were obtained at 
approxiaately 3..,. depth to insure that the 
instrument was st least 1 m below the ves•el't 
keel. 8ottoa measurement• were obtained 
approximately l m above the bottOll. Inter
mediate current meaaureaents vere not taken 
due co the shallow water depth~ at the 
stations . 

General aeteorologic•l and related 
observation.a vere noted durir\g every station 
visit. Ob•ervation• included estiaates of wind 
direction and spead, barometric preaaur•, cloud 
cover, precipitation, vave height and wave 
direction. 

SEDIMeNTOLOCICAJ. ASSESSMBNT 

aGtto. sediments were collected at all 
15 stations during the sua.er seaaoa us1ng a 
Smith-Hclntyre grab. Thia grab is designed 
to cake an intact saaple of offshore •andy 
•ediaents wi.th miniaal va•hout. Sedi.meat• 
were removed fro. the center of th& first 
undisturbed arab saaple collected at ••ch 
•it• using methods d•scribed by Fequesnat 
et al . (1981). 

~edt..nc eub..,.plee for gT•n~lo.e.cr1' 
an.alyses vere allowed to air d.ry and then 
disaggregated using a rubber- tipped pestle 
aad •plit into two repre•entative portioae. 
oae half o! uch iaaple wa• u•ed for 
a1neralo1ic.al analysis and th• oth•r for 
textural analysis . Those aaaples vhich 
contained significant quantities (DOre than 
a few percent) o! materi.81 finer than 4 + 
(0.0625 .. ) were analyzed by both coarse siev'ing 
and pipette techniques. 

A aineralogical an.ly•is was performed on 
e.ach of the ••Pl•• t·o deteraine the percent 
ve1.ght of quartz and calciia carbon.ate (ahells). 
Acid leaching using dilute (10%) HCl va• 
ut1li%ed to detenaine the c.a.lcium carbonate 
content of the samples. Tho•e •aaple• which 
contained • high percentage of clay (aak1ng 
them very compact) were placed in distilled 
veter •od disaggregated using an ultraaonic 
di•nbrator. Alter saaple di.sag,gregation was 
achieved , 200 m.l of dilute HCl was added to 
di•solve the carbonate constituents. Upon 
co.oplete le•ching, the ~ight of the dried 
filtrate was detenained and the percentage of 
acid-soluble calcium carbonate va• calculated 
for each of the saaples . 

A grai~ size analysis of the bottom 
sedtaents wat perfomed to deter.in• th• ••an 
gra.in •i:e, •ortiag , skevneas and kurtosia for 
the •amplea. Cra1n si&e determinatious ve.re 
aade using a Ro- tap mechanical •hal er aad 1/2 + 
interval screens. The veisht of th• sedt.ent 
r etained on each screen (sieve fraction) vaa 
recorded . The weight percent and cumulative 
weight percent for each of t he •1ze classe• 
were decerm.ined. These dat.a were then plotted 
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Geographic pos;tions of sites sampled during the winter and 
swmner, 1983. 

STATION SllASON LATITUDE LONGITUDE 

DS03 winter, summer 33° 10.72'N 79° 7.23'W 

DS06 winter, summer 33° l0.72'N 79° 6.8Cl'W 

·nso8 summ.et 33° l0.97'N 79° 6.37'W 

DS09 winter 33° 10. 72'N 79° 6.37'W 

DSlO summer 33° ll.22'N 79° 5.92'W 

DSll winter 33° 10.97'N 79° 5.92'W 

DS13 winter, summer 33° 11. 22 'N 79° 5.48'W 

CS02 winter, summer 33° 12 . l7'N 79° 7.0S'W 

CS04 winter 33° 12.42'N 79° 6. 62 'W 

csos summer 33° 12.17 ' N 79° 6.62'W 

CS09 winter, sunner 33° ll.92'N 79° 6.17'W 

CSlO winter ·::::··· ;::: 33° 12.42'N 79° 5.73'W 

CSU Summer 33° 12.17'N 79° 5.73'W 

CS13 winter, SUDDer 33° 12. 42 ' N 79° 5.30'W 

DCOl winter, sumner 33° 10. 28 'N 79° 6.92'W 

DC02 winter, summer 33° 9.53'N 79° 7.47'W 

DC03 winter, summer 39° l0.28'N 79° 7.88'W 

CHOl summer 33° 13. 20'N 79° 11. 35 •w 

CH02 summer 33° 11.57 'N 79° 8.0'W 



to provid• • cuaut.tlve freqvtflcy cvrv• from which 
the 1tatiatical param•t•r• ver• calculated 
accordin& co Folk (196S). 

A pipette analy•il va1 p•rformed on those 
.. •pltl vhich contained an appr•clable aaiouat of 
fln•-tt•i.ned material. n.eae ,_pl11 vere 
dl.eptir•ed l>J addia.g 100 al of lN todiua 
M.Upboaphat• ( (Na.P03)x· Kli2'(>) J a1 • di•peraing 
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.. eat aad a;giuted v•t.na aa vltra.oa.ic dilllNllbrator 
for 15 1'.inutu. Aft.er coaplet• clefloccuht!oa 
vat achieved, tbe .-pl•• wt• vet-elevecl tlloua.b 
a 1230-..tb ata.ial••• •t .. l 1creen to ae-parate 
the Ned fr• tM ailt &Od clay. ni. tilt ltld 
clay fractioa vat th~ trui.1ferr~ to a 100.-..l 
1radu.ated cylitlder a'ld the taaple vaa plpettad 
u1taa the withdrawal ti.ea and depth• •• 
aa ovtlin•d by Folk (196S). Th• p1rcentagea 
of tend , silt and clay vert 1.l.o recorded for 
th••• , .. plea and plotted on a ttandard sed~ent
typ• triangular diagraa. 

Subs,..plea of a.dt.eftt coree ver• al10 
coll~ted for ua.a.lysta of t'M follovtna 
per ... t•r•: Total ors.ante car'bon (TOC) , 
chaiul ozn:ai deaand (COD), IJ&l .. hl o.itr .. eo • 
o.itrit• nitroa• u !iOl. nitrate a.itrogm u 
llO), oil cad a:r ..... lead. atac ... rcu.ry. 
toluble photpborv.a at '°'. tot.al pbo.,boru1 u '°'• iron, cadaiua, araeic, chro-.ii,m;, a.-tck.t.l, 
copper, PCB• (aa Arochlor 12S4), Heptachlor, 
UUT tA«S .. tab011tea, tnar1n, oteldrln, enc, 
Mir~, Hethoxychlor, Chlordane, Tox..phene and 
ht.ah ... olecular-vetght hydrocarbon•. All 1aplea 
vera preaerved, proc•tted and chtaically 
an.aly1ed u1tng tM proc.edurea de1cribtd by 
Paqu .. nat et al. (1981) and outlined for hydro
iraphtc aa.alr•••, except that Mtal• ,,,.re aunred 
in tvo v•y•: after total extractioc (bulk 
c...._tcal aoaly•i•) a.ad after ,.rt1al cxtracticxa 
vtth O.lN HCl. A secood Ht of .. ,1 •• -· 
collec:ted frc. three •tatioa• (CS09, DS06, 
DC02) am! pre•e:rved in tbe ._. MADe.r for 
deli .. try to the Cbarlt•too Dlatrtct Corp• of 
IQciD••r•. 

Sedt.aent , .. plea vert not collected durt.n,g 
the vinttr seasoa. Hovever, qualttativt 
obaerv1tiot1• vtire aad• for ••ch arab ... pl• 
collected tor benthot. 

Durio$ 1um11er. additional •edt..ntoloatc.l 
atud1te included diver ob1ervattoa1 of the 
bottom. Unfortunately. very atrona cu.rrats and 
extr .. ly poor vi.•·ibllJty dr•atically reduced 
the effect1vftJ••• of ctn. effort and detailed 
retiulta are oot preacnted. 

IDl'llC cntl1N1TY ASSESSM!NT 

"9crofa\IO.I visre ... ~led during both 1e1tons 
at all randoaly selected a1t•• in the OHOS tnd 
control areaa, as ve.11 aa at the three "down 
cvrr·tnt" atations. p·rior to w.ttt ch•i•try or 
ar•b ... pling during the vinter, qualit.ative 
•Pi(•unal • .. plea were obtained at each of the 
13 etation• using a beam travl 1t.tllr to that 
d1acril>ed by Pequ~nat et al. (1981). One tov 
va1 Mode 112 • n.ortb-~uth dt.rection throuah 

each 1tation, with all tov lencth• 1t1J1dardized 
to 0.) Im based oo Lor•n-C po•ttloning. St.ilar 
beaa trawls vere made at th• 1111• 13 tit•• 
tn 1ua.er , but only a fttr 1edillent , arab and 
vater chemietry seapling vae COflplettd in order 
to avoid ditturbance of the bottOll. Organi .. • 
obtaia.S in ._ch tov vere preeerved in 10% 
s .. vet•r-foraaldebyde for latar tdaatificatioa. 
lio..ae e1tlaates ve.re alto obtained for each 
Naple • 

Qt,Motitative benthic ...,1ea of aac.rofaUft.I 
vere collected utq • S.ith-ffcloty:r• arab 
while tbt re•e.arcb ve.ssel w.s ancbored oa 
ttatioa. Five replle.ate saa,:plet were collected 
at each of the ll atatioo• (in -4ditioa to the 
Hp•rate •edt.•ot .... plt•) both teatona. After 
... aauring the vol\19e of each arab , .. ple, ttwt 
collected .. terial wat wa•h•d throvah a l~ 
tieve. Oraanitms and sedlllent r•uinln& oo tM 
11eve after wa1hta.g vere re.oved aftd presarved 
tn 101 •••v•t·er-foTINldthydt with roee bengal 
atein. Sample• vcre theu 1>rouaht to the 
laboratory and organi ... .,.rt Nrted, identified 
to the love•t t.uoooaic level. and counted. 

for qual.iUitiTe collectioa1 by .,._ trawl, 
4iveratty va• eva.luat.ed by c-..rt.oa tbe u.Mr 
of •peel•• (!) ...,~ at•t toa1. TM Ctv.tbl
Ualli.a ooe-ay analy•i• by raa.U (Si .. el, 19)6) 
VII u•td to det,eraioe vhatMr -.d.t.ao 1 dilfered 
•'lftifi$e.otl7 ~ ti.- thr•• •T ...... ple4t 
diaponl, control aod down current. A eigni
ficant difference in • bat~•n winter aad 
t\lllm4lr vae evaluated by the Kinn-Whitney U- test 
(Sokal aod Rohlf. 1982). 

Qualitative d.ata oa. the pre1eace or ab•nce 
of tpec.lel collected with the- b4aa trawl vere 
ao.aly&ed b7 e-luater aoalyal• to dtterain• 
patterae of •iailarity ...cJQS 1t1tion.• aod 
•,.c lea. Oo.ly •J>eC.i•• wtdcb oc.cvr'ted i.D tvo 
or Mre travl collectioo• were iaclvded to tb.1• 
aoalytia. 

Speciea aod collection• .,.re clauUied 
ut1QS a flexible •orttaa ttrat•IY (Lance a.ad 
Villi ... , 1967) vith a clu•t•r intentity 
coefficient (8) of -0.2S. The Jaccard 
tlailarity coefficient (Clifford and 
Stephenaon, 1975) vat uaed with pre1ence/ 
1baence data obtata.ed fro-. be.a. travl 
collactiona. 

Noraa.1 and ta.verse claaaiflcatiOGa were 
produced for cc.blned M&NOal data. TM re.1ult 
of oocwal ci...•ificatioa "'' a dtodroar• ta. 
vb.Jell collectioc.s were clustered W.lid OD t1Mtlr 
d .. r .. of •J.ai.larity 1ft tenae of epeci .. pre•eoce. 
lnveru claut.ticatioa prod·ucied • daodroar• i.D 
vf\ich •peci•• .,.re e-lu•terecl bat.cl on their 
degree of at.ilarity in ten1a of pre .. oce lo 
collaction1 (Willi ... aod Laabert, 1961). 

Subt~uent to cluster analy1i1, tpeci•• and 
1t1tion aroup• vere choten u1in1 • variable 
ttopping rule (Boesch, 1977). Nodal analyait 
va1 then u•ed to expreta the d .. ree of apeciet/ 
ait• 1rou9 cot.nclde:nce in t•n.1 of tc.0101.ical 
con1t1nc1 and fidelity. Coa•t•ncy expr•••e• 



the frequency vith vhich specle1 of a particular 
group are found in a giv«n collection group and 
fidelity a.eaeures the degree to vhich 9pecies 
are rettricted to a particular collection group. 
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For travl bio.u.•• eatiaates. a Model I two
vay analysis of variance without replication vaa 
u..ted to determine vbether the me.tn log-transformed 
bioaaas of b4aa travl collections differ~ 
significantly between seasons (v11'lter0 au:mi.er) 
and among areas (disposal, control, and "down 
cunent"). Due to non-norMlity and hetero
geneous variances, a logaritlm.ic (log10 (r+l)) 
transloraatioa was used on eac.h variate 
prior to calculation ot means and analysis of 
variance. 

Infauna! community atructure based oa grab 
collectiOt'tt vat evaluated uaing teveral illdicet 
of species diveraity and clueter aa.lysia. Speci~ 

diver•ity was c.alcul•ted on th• pooled &&11pl•• 
collected during .. ch station visit using 
Shannon ' s diversity index (H•), apeciea rlchne.sa 
(SR), and evenness (J') (Hargalef, 19S8; ?ielou, 
197S). Total ntmtber of apectea and fauna! 
abuodanc• ver• alao cvaluat•d. Nor.al an4 
tnvara• cluat•r •nalya•s \Mr• conducted oo loa
tranafonMd abundanc• ••t:laat•• froa pooltd (by 
at.ation) gr•b Nllples using th• 8r•y-Curtis 
aiaJ.lar1ty coett1c1ent (&oeach, 1977). A• 
with the trawl clust~r analyse•, a flexible 
sorting 1ttategy with a standard cluster 
1nten1it7 coefficient (8) of -0. 25 vat ul~ 
iD bOth the normal and 1.nverae analyalt. 
Sp•cle• which occurred in fever tMn 7% of the 
130 grab s .. ples were d•l•ted from the dat• 
••t sine• rare speci•s usu«lly do not havt 
.. sily defined distribution patterns and 
can confuse interpretation of cluater 
e.aa.lytis. In all case.1, 1pecle1 deleted 
because of rare occurrence vere alto rare la 
abundance. ta order to accurately com.pare 
viater and 8uaD•r d•t•, bryo~o•n• ,,,.r• al«1 
deleted prior to clu•ier aa•lyai•, eince 
they vere not enu.erated during winter. 
Pollowi.Dg aoraal and inverse analyses, a 
nodal analysis vaa perforaed using fixed 
station groups (etmS, control, "down current", 
by season) and the inver•e tpecie• groups 
to obtain e1tiaata1 of fidelity and 
conttancy •• d•fined above. 

810ACCUMU1.ATION ASSESSMENT 

Sp•clm•ns of the knobbed whelk, Busycon 
carica , were collected 1tl the DMDS, contt'l)l 
and "dow current" aru1 for bioa11a7 anal71i1. 
Tbit 11ollu1k was the oo.ly t'•lativ•ly sedentary 
organi .. which waa pt'eaent in all tht'e• e.apling 
area• and va.1 t.rge enough to obtain auffieient 
bioaass for analyti•. Th• 1p•ciea 1• alto 
coi.ercia-lly harveated in South Carolina. All 
8. cat'ica ap•ciaens vere col lected fr<a be.am 
'trawl samples talte.n 1n tha three area•. After 
collection, •P•ciaen• ~r• pres•rved -.nd 
analyzed according to the procedures outlined 
by Pequegnat, et al. (1981). All chf!llical 
cont.aa1inant1, e:xcept oil and grease . vh1ch 
were analyzed in water eom:ples ~re analyitd 
in the ti1sue samples. 

Results and Discussion 
HYDROCRAPHY 

Water col\lmll cheai1try in tha ttudy area 
can be influenced by runoff, nearebor• and 
Cull Stream current patterns, su..apended 
sedim•nt•, eolian tran1po~ and other 
factot's . As a result, the water chealittry 
may vary considerably on a tcapora.l ba1i1. 
Runoff from Winyab Bay and the Sant•• 
River• decrea1e1 $alinitie1, increases 
turbiditi•s and deposits fine 14ldlments 
offahor•. NonMl runoff f rom these sy1tfllls 
can be very high, with flowa froa the 
combined river syst•s Ming > 15 ,000 cf• 
(U.S. Geological Survey, 1979) . In addition, 
a long1hore drift to t he southwest it 
usually pre•ent during sumaer months, vhil• 
a northea1terly flow ex1ttl during winter 
montha (Math•w• and Pa1huk, 1984). There
fore , depending on sea1on and environae.otal 
conditions, waters frott Winyab Bay may move 
either to the nor~h or south along the co.at 
aa well aa tpread out tovard1 deeper vatere. 

Oceanographic Parameter• 

Values r•corded for tlwl oc .. nographic 
parameter• •easured 1n this ttudy generally 
agree with historic readinga, although tomie 
ol the talitl.ities recorded during the vinter 
crui.te were particularly lov. In th.at 
let.ton, aurface taliD.it1•• w•r• •• lov aa 
21.9 O/oo at atatloo. DC03 and < 3,0 o/oo at 
DCOZ, DS03 and DS13 (Table 2). Th .. e lov 
aalinities vere the result of runoff from 
a uaslve rainatora which prec.eded t.be 
winter snpling cruise. s..-er salinities 
vere generally higher than value• observed 
dur1na vinter. Except for the ttation in 
Vinyah B•Y (CHOl) which had aalinitiet 
< lS O/oo froa &\lrface to bottOll, oaly on• 
ttation (CS13) had surface water < 30 O/oo . 
During • two-year study in Winyah Bay , 
aalinities at a station 2 mile• upstream 
froa the mouth averaged < lS O/oo and 
ranged from < 2 O/oo to > 30 O/oo (Hath.wt 
and She.al.y, 1982) . Near1bore 1urface 
salinities off Winyah Bay are typically 
> 30 O/oo ('Mathews and Paah\lk, 1977, 1982 , 
1984). 

Dissolved oxygen (DO) and va t •r t .. P•t'atur•• 
vere alto within nor.al ranges and DO v•• 
invert•ly related to t·emperatura (Table 2). 
Both a ..... er and wint•r DO concentration• 
vere representative of the s easons aaapled, 
vith hi,gher value1 (> 10 mg/1) being found 
in cold waters (< 9.o•c) and lo,,.r value• 
(< 6 11g/l) found in var.er "'8.ters (> 26 .S°C). 
Water te:aperature1 vere •lightly cooler than 
usual for 1ua1•r and winter, but not abaoraally 
so (Hatheva and Past..k, 1984). 

Por all stations, turbidities ,,.re,! 8.0 PTU 
i n tl.lrfaca samples and < 13.0 FTIJ in mid~acer 
1aapl•• (Tabl• 2). Highest vall.I•• were 
normally encountered in bottom waters, wher• 



Taltle 2. Oceanoar•phic ,.r ... ttr• of vet•r collect" f-r• ths: 1 viottr and 9 ...-.r 1tattona ..,1ed. in and near tb<e CeoraetOllft 
Harltor DHDS. 

VllCTB-l SUH H ll 

Station Te11p. Salinity n.o. Turbidity St-•tton Tmp. S•ltntcy D.O. Turbidity 
Stati~ Depth Depth (C) (O/oo) Cm1/l) (m,I) Statton Dtpth Depth (C) (O/oo) <•g/l) ("1J) 

0$0) 8.0 Surfac e I. I 21.2 10.4 s.s 0$0) l.S Surface 26.8 )).1 5.9 2.6 
Kiddle I. I )). 6 10.1 ). 8 Kiddl• 26.S )4.4 s.s ).8 
Botto. a.a )).8 9.S 42.0 Bott• 26.1 l•.3 5.a 24.0 

DS13 11.0 Surface 8.s 29. 7 9.3 4.8 OSll 12.0 Surf•ct 27.0 3'.S S.8 6. 7 
H.tddl• 1.6 )4. l 9.1 ).8 H.tddlt 21. 2 >•.s s.8 1.8 
lottc. I. 7 ) 4.1 9.2 s.2 Iott• 21.1 )4 .S 5.1 1.6 

CS02 9.S Surf act: 9.2 30.0 9.2 4.6 csoz 9.S Sur-face 27. 4 )2 . ) 5.8 4. I 
Kiddle 8.9 3).9 9.4 s.J Middle 26.7 34.2 5.5 5.8 
Botto. 8. 9 )). 9 9.S 11 . 0 8vL\.""9 26.1 )4 . ) 5. 6 8.8 

CSll u.o Surface 1.9 n.2 9.4 2.2 CSU 10.S Surface 21.8 21.9 S.9 S.6 
Kidd.le 9.0 )4.0 9.2 2.1 Htddla 27. ) ).). 7 6.1 ).6 ... 
Bottom 8.9 )4.0 9. ) 6.1 Bottom 27.0 )4.) 6.2 4.8 "' 

OCOl 8. 75 Surface 9.4 )).1 9.0 2.0 OCOl 9.S Surfac.a 27.8 )4.) 6.1 ).) 
Kiddle 9.4 )).2 9.0 2.) Kiddle 27.0 34.) 6.0 ). 7 
Iott om 9.) )).6 9.1 2.1 Iott• 27.1 )4.4 s.a s.4 

!'C02 8.25 Surface 9.0 29.6 9.2 4.) OCOl 7.) Surface 27.l 32. 6 6.2 2.9 
Kiddle 9.0 30. I 9.0 6.S H1ddlt 26.8 J•. J 5.8 11.0 
Iott cm 9.0 )).6 9.9 13.0 Bottom 26.7 )). 8 S.5 l 1.0 

OCO) 6. S $urfaQe a.s 21. 9 9.1 a.o OCOl 7. s Surface 27.S )4.2 5.9 2.8 
Kiddle 1. 7 )).) I .I u.o HJddla 27.0 34.2 6 .0 3. 5 
aott·o. 1.9 )).6 9. 2 27.0 lotto. 27.4 )4.3 6.0 8.8 

CffOl 7. s Surface 29.0 12.l 7. 2 7.7 
Middle 29.0 13.5 6.4 10.0 
Iott .. 28.9 14.S 5.6 20.0 

CHOI 9.S Surface 27. J Jl.6 5.8 s .8 
HJddl• 27 .1 33.7 S.5 13.0 
Iott• 26.9 )4.1 5.4 28.0 

'" Ill 



ar••t••t trubidity would b• expected due to 
t u1p.nd1d 1ediacnt1. tn th••• bottom saaples , 
turbidities in v1nt1r would have been influenced 
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by tht ht.ah runoff froa Winyah lay, vhich prod'-'Ced 
a 1YJCillum of 42.0 FTU at ltltton DSO). The highe1t 
bott09 turbiditi•• in .tu1111tr (up to 28.0 rru) may 
heve r11ulted fro. the activity of thrt.p tr•wl1r1 
lD th• ar" dur-tna: t .he •~r ._pll.o.& cruiu. 

h:rbld1t111 at t .M 90Uthl of other South 
CaroliAa utu.ari11 have; sr .. tly ac.19ded ~ 
au.i....- value recorded dur-t.aa thlt ttudy. Ka.thew• 
and Shealy (1982) a.ad Katti.YI It al. (1981) report41d 
.axJaa of lJS F!1J at the mouth of Ch9rl11tcm Harbor, 
91 FTU at tlw 90Uth of th• South Sant•• River, and 
84 tTU at the aouth of the North Santee River. Our 
vinter a.ad •~er aaxillla vt.r• auch l<>'ler (42. O and 
28.0 FTU, respectively) and, hence, vell vithin 
tti. excre.11 noted at ocher n1.1rby 11ce1. 

Measu.raM'Ote obt.ained at the U offtbore 
at.atioaa itldicate th.at w.ter aoY-.t 1D. the: lltCDS. 
coatrol aDd "dova. current" ar .. 1 11 etronglr 
!Aflueoctd by tidal cu:rrect1 (ftJu.r•• 9- lC). 
O.n-eat velocities raii.aed fr• 0.1-0.9 knc::t• 
durt.na viDter and 0.1-1.1 b\ota duti.n& ~ 
-pl.tag ~r-iod• (App4ndb 1). '"'-"'••• • ncl 
bott• current.a generally flowed in • aoutherly 
or aouth-.aaterly direction durina ebb tide•. 
Thie auaa•atS that wtt•r leavtna Winyah Bay 
i• diverted by ne.arahore current• \thich generally 
tut\ in a toutherly direction alona the co.aet 
(Matbeva and Pa•huk 0 1977). Currat dlrect1on1 
... luted n.a.r •lack-tide period• wre more 
variable .ad often differed betvea eurface and 
bott• w.tera. C«narallJ. flood-tide curn:at• 
vua flr·•t detected ri.u.r the bott• and ebb-tide 
cur-rec.ta wre first obMrv.d 1D. wrf.ce waera 
(""4'odlJt 1). Dur!Ag flood tlda1, tba a~era.l 
cu:r-rtot direction •• towrd• the aortb. « 
tovud1 the Winyab ky t-atteoce ct..onel. Thu•. 
tld&l current• appe.r "to ha~ a 1trona•r 
influence Oft veter• 1n th• vicinity of th• 
DKDs than nearahore currenta. How.vet, the 
lilitted current •eaaur ... nt1 collected during 
thie etudy were only iAtended to aupplemetlt 
other hydroaraphic data and the•• .... ur ... nts 
probably do not adequataly deft.De curr~t 
nai..1 t.n tM •tudy a-raa. 

Trac• .. ta.la ver-e a••r&lly lov .ID 
COQC.41Ql'Cat.iOD. vitb MAJ batq belov the 
d~teccloa llaite, •·S· nickel, copp.tr, 1.-J 
and ••«ury (AppcndJ.K 2 and Table 3). The 
value• reported 1n tbta 1cud1 •r• seo.a-r.U.1 
•uch lover tba.n values noted by Jones, Edaan.da 
and Aaaoct.atea (JEA) (1979c.) 1n their ecuiy of 
the Georgetown Barbor channel, but were •or• 
aimilar to thti Interatate Electronic• COrp. (tEC) 
reaulta (US EPA, 1982) obt•ined for the 
Charlaeton DKDS (Table 4). S~cifically, our 
eadaiw coocentratioaa vere htaher than the: 
tr.c Charl•atoa value• (aaxlaa of 7.1 ~s/l &nd 
0.493 J1.1/l, r·espectivelJ) • but. -..ch low.r thml 
th• JEA Ceorgetowa -result• (up to lSO vg/l) . 
Kiehl aod lead coa .. cnitretloo.1 ... ..,-red 1n the 

pra1enc study vere below the det..ction liait 
for each metal, where•• concentratlons noted 
by JP.A were aa h.1$h a• 760 ~a/l for niet.l 
el'ld 1~00 lla/r for lead. Zinc concentration• 
(•tnua 11tiaates measured in the control blank 
aaaple) ,,,.-re lower than the conceatratioaa 
noted by JU. but a.renic concent-retion• 
were all highe.r than t.hoM auaured. by JU. 
i.e •• )1.4-92 .8 ~g/l verS'Ua c 10.0-30.0 lfl/l 
(Table 4). 

A acudy 1.o Co-r~• C'briati lay by JIQlau 
at al. (1974) found • au.anal variation tn 
cadai• and sine ·concentrations, bl.at t~ir 
overall results for 11tiaat•• obtained in 
vinter correlate vell vit.h thi1 etudy. Sumaer 
value• obtained by Rola•• et el. (1974) were 
•uch hiaher due to ataan.ation within the bay, 
a condition clearly not preaent tn our atudy 
area. Windoa (1972) reported copper, lead. 
cadai•• sine aod ••-rcury coocentratioo.• 
in th• Sava.rma.b liver- before, dur1Q&, aod 
after dred.atDg operatioae. &. DOted valuu 
of c l co S6 llg/1 for copper, c 2.0 to 9.8 ~g/l 
for 1-.d , O.OS-0.49 v1/l for c.edaiium. ll-32 
1i11/l fo-r &lac, aod 0.IS-0.:21 \l&./l fo-r .. ttury. 
OUr value• were coepa.rable, althou&b we ooted 
hiaMr cadai.,. coccecc-ratlOGa and low-r lead 
eOftOent.r•tion• (tabt- 6) . 

The various PCB• and pe1ticide1 li1ted tn 
Table 4 vere below the SO ppb detection limit• 
lieted by Pequegnat. et al. (1981) and, ti.nee. 
they are ••1\lllled to be tTace at0wste. The 
oil and gT .. •• deter.tnatioa however . v.a• 
poeitiv• but oot particularly h11h. Our 
va.luea re.aged fr• 3.o-4.0 .. /1 ••co.pared 
to the JEA (1979c) ruaa of 20.29 acfl. 

Iott• aediMnt• at atationa ... pled la 
the Dta>S consteced of llOderately to poorly 
1ortl4 quarts ••nd haYift& an averaa• •e.an 
arain 1ise of 0.11+ (Table S. r11ut1 11). 
Th• ellt end clay content of the five .... plea 
collected fro. thia aru wa leis than 11 
(Tabl.e 6, Figure 12). 9u11••tin1 that finer
a:raUled aediaent.• •r·e winnowed out ••• 
-r•ault of "-•• aDd cu.neat actlvity. Bott.• 
aediaftl.ta 1a thi• -rqioa a-re eppa.r-ently 
oot klov t.be wave ban, t~ Uhibitiq 
de:po1itioo a:ad a.llovi.D& for r.o¥a.l of ftae
araia.ecl ncl.t.m.t1. Thi co.tN e&Gdy bottoa 
preMftt 1a t.rue: diapoNl area •uca••t• tbat 
1ny fine-grained e.ediaeftt1 prevtou.aly diaposed 
in th• t»mS have been l.araely di•P4:rted f-rOOI. 
the atudy area. 

Th• concentt•tion of calct ... csrbonate 
(•hell m.aterial) varied fro. 4.66 - 14.971 
in the d11poaa.l ar .. (Table 7, Ft.au-re 13) . 
Station DSOl had che htahl•t coocent-ratioo 
of cale1 .... car-boQ.ate (14.97%) ae a re9Ult 
of tha abund.acc of both vbole and fr1pentM 
•bell Mter1al. Sc.a of the ahaU Mter-Ul 
preMftt. •Y be f-r09 "&a•t lank" <• Lera• 
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Table 3. Maximum concentrations of various substances measured in 
sediment, water, and tissue aamples collected from the 
.vicinity of the Georgetown DHDS . 

PARAM'ltTER SEDIMENT WATER TISSUE 

Oil and grease 

Nitrate as N03 

Nitrite as N02 

Total Kj eldabl 
Nitrogen 

Soluble Phosphorus 
aa P04 

Total Phosphorus 
as P04 

Total Organic 
Carbon 

Cadmium 

Arsenic 

Chroaium 

Nickel 

Copper 

Iron 

Lead 

Mercury 
. 

Zinc 

Pesticides 

Total resolved 
Hydrocarbons 

ND - Not Detectable 
NA - Not Analy&able 

CH02 687 :og/kg 

CS13 533.33 mg/kg 

CHOl 106.28 mg/kg 

DCOl 994 mg/kg 

DS03 l. 72 mg/kg 

DCOl 53 .13 mg/kg 

DCOl 0. 810% mg/g 

ND 

CS13 1.47 11g/g 

ND 

ND 

DC03 4.02 µg/g 

DC03 15,473 11g/g 

ND 

DS08 0.61 µg/g 

CH02 41.04 )Jg/g 

ND 

CS02 8.95 11g/g 

DS,DC 4. 0 mg/l • ND 

NA ND 

NA ND 

NA ND 

NA ND 

NA ND 

NA ND 

CS05 7.1 mg/l ND 

CS05 92.8 mg/l DS 2.34 mg/g 

CS05 5.3 mg/l ND 

ND ND 

ND DS 9.65 111g/g 

ND ND 

ND ND 

ND ND 

CHOl 265 mg/l DS 53. 61 mg/g 

ND ND 

CHOl 416.63 ag/l ND 



T•hle 4. to.perteon. of hydro1rephtc: c:heale&l auly•u for CeoT1e.tovn iaod O..rl••too 11.a:rhor aru•. 

CIOl.CITO W B DKOS 

""' . JEA ** 
OIAHlll!L COllTIOL DISPOSAL DOWN CU•tDT CllAALUTOI< C!OI CETOWN 

CHOI csos ' fis08 ., DC02 • ODMDS HAl.801. _CHAHNEL 

PCll Aroclor 
12S4 •a/1 HD HD "" NO HD <: .l.0 

IHC ll&/l HD HD HD HD HD <-o.s 

ltndaae \Jiil HD HD "" MO llD .. 
Mpta<hlo't 111/l llD Ill) NO 1111 NO < o . .s 
DOI 111/l llD llD llD llD "" < o.s 
DOD \11/l MD MD llD NO llD < 0.2 

DDT 1o11/l NO llD HD llD llD < 0.2 

chlordane .,g/1 llD llD llD llD llD < o . .s 
dloldrin ll&fl llD llD llD llD llD < 0.1 

endrln lla/l llD llD llD llD llD < 0.2 N .... 
•lrex 111/l llD llD llD llD llD < 0.3 

.. tlloxycblor \11/l NO XD .. XD llD < 1.0 

touphm• ,.,g11 llD llD llD llD llD < s.o 

011 and 
Crea•• .,,, 3.0 3.0 4.0 4.0 •• 20 - 29 

Clct•tu. \lg.fl 0.8 7.1 1.6 3.4 0.040 - 0.493 110 - ISO 

Ar•enlc llall 78.6 92.8 41.4 32.4 •• < 10.0 - 30.0 

Chr•lua 1o1g/l 1.4 S.3 4.7 2. l .. < 300 

lllckel 111/t < s.o < s.o < s.o < s.o llA 600 - 760 

eo,,.r Piil < s~ < so <so < !IO .... < 100 

Lud • 111 < 1.0 < 1.0 < 1.0 < 1.0 0.032 - 3.20 1-100 - 1600 

Klr<ury lllll < 0.2 < 0.2 < 0.2 < 0.2 < 0.03 - 0.076 < 0.2 

Zlnc "g}l 26S ISO 172 172 •• 140 - 240 

* l!C lntaretate llectronlc• Corp. (1EC)9'7US !PA (1982) ** JI.A Jone• !daund• and A•~i•t••· (l 9c) 
HA - Mot Analyzed 
ICD - Mot Deteeted; Detection l.lait le .SO ppb. 



24 

Table 5. Statistical analysis of the grain size distribution for sediments 
from the Georgetown DMDS and vicinity. Data presented in ~ units. 

STANDARD 
STATIONS MEAN MEDIAN DEVIATION SKEWNESS KURTOSIS 

DS03 0.16 0.90 1.41 -0.56 0.83 
DS06 0.91 1.10 0.83 -0.32 1.24 
DS08 0.86 1.15 1.05 -0.45 0.94 
DSlO 0.80 1.10 o. 78 -0.50 o. 75 
DS13 0.84 1.08 o. 79 -0.39 1.04 

CS02 0.83 1.15 0.83 - 0.52 1.20 
CS05 0.78 1.15 0.85 - 0.58 1.34 
CS09 0.60 0.70 1.00 -0.15 1.06 
CSll 1.13 0.45 2.52 +o. 48 2.12 
CS13 0.83 1.08 0. 95 -0. 36 0.85 

DCOl 1.89 2.00 0.65 -0.39 1.27 
DC02 1.03 1.20 0.85 -0.42 1.81 
DC03 4.59 4.60 2.56 +o.05 0.83 

CHOl 1.58 1.50 0.83 -0.05 1.09 
CH02 3.73 3.10 1.88 +o.53 . 1.02 

= 
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Table 6. 

STAnONS 

DS03 
DS06 
DS08 
DSlO 
DS13 

CS02 
CS05 
CS09 
CSll 
CS13 

DCOl 
DC02 
DC03 

CHOl 
CH02 

26 

Percentages of sand, silt and 
Georgetown DMDS and vicinity. 
by weight. 

SMll 

99.74 
99.96 
99.33 
100 
100 

99.40 
99. 98 
99.46 
83.66 
99.85 

99 . 11 
99.88 
37 . 89 

99.94 
54.72 

cl ay in sediments from the 
Estimates represent percent 

SILT CLAY 

0.26 
0.04 
0.67 
trace 
trace 

0.60 
0.02 
0.54 

6.42 9.92 
0.15 

0.89 
0.12 

27.39 34.72 

0.06 
20.p9. 25.19 
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Table 7. 

STATIONS 

DS03 
DS06 
DS08 
DSlO 
DS13 

CS02 
CS05 
CS09 
CSll 
CS13 

DCOl 
DC02 
DC03 

CHOl 
CH02 
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calcium carbonate content ·of sediments from the Georgetown DHDS 
and vicinity. Estimates represent percent by weight. 

CaC03 QUARTZ 
(Shell) (Non-carbonates) 

14.97 85 . 03 
6.18 93.82 
8.39 91.61 
5.26 94.74 
4.66 95.34 

6.oo 94.00 
7 .33 92.67 

10.88 89.12 
10.65 89.35 
10.09 89.91 

9.65 90. 35 
6.33 93. 67 

27.69 72 . 31 

3.46 96.54 
16.38 83.62 
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Figure 13. Distribution of percent calcium carbonate content of
sediments collected from the Georgetown DMDS and  vicinity. 



•h•ll bank) locaited to the \Hilt of the DKDS. 

Llk• those at DMDS 1lte1, bottom 1ed1meets 
at control 11tes conat1ted primarily of aodarately 
to poorly sorted clean coarse .. nd having an 
averaa• 1tean grain atze of 0.83f (Table S, Figure 
11). All of ~he cont~ol •it• •t•tion•. >ri.th tlw! 
axceptioa of at.ation CSll, cont.1ined 1111 than U 
by veti:ht of ailt ~d clay (Table 6, rtsu-re 12). 
$Niaant1 at CSll coaai.Jt.ed of a.di• 1-.nd 
coat.ainiQa 6.42:% silt and 9.921 clay. The ,,·arq.e 
.... araiD size o! tbe•• botc.oe ...,111 vaa cot 
alanlftca:ntly different fra. th,it of the. dla,osal 
area (P > O.OS, A80V'A). Value• obtained for tbe 
concentration of ca.lei• c1rllionata (1hall aaterU.1) 
are, ~er, slightly ht1har in the coo.trol area 
(Tabla 7, Figure 13). 

. Bott~ ;:d tment a collected at the "down 
cvrrtnt" 1it11 a iffered frOll 1adiiDtntt found in 
the DHDS end control areas. Hedi~ q~rt& $Ind 
vt.I pre1ent at DCOl and DC02 (Ptaure 11), and 
DC03 consisted aoatly of • eeleereoue coerae ailt 
(T1bl•• S-7, 11.gurea ll•ll). The ecc~ticn of 
chi• fitl•-ara.1.t\ed shell ha•h (27.lH C.C03) u7 
rewlt ft'• vave abra•ton. of ahtll Mt•r1al srucat 
on "lout laok... All t.hrM aaaplet collected fr• 
the "doun current" site• were coneteteotlJ ft:cte.r
arataed thaa tboae a..pl•• ex.~ froa •itt.er 
chi coatrol or dtapoul ett•• (Table .S). alttoug.h 
difference• vere not stetietically eignJiica~c 
(P > 0.0) 1 ANOVA). the deer•••• in aratn ai&• 
1ug1e1t1 a eoutherly current di1p1raal pettern for 
th• 1ediaent1 i n t he area. 

The two a9111>l•• collected fro. th• entrance 
channel leading into Ceora•town Harbor differed 
fro. eediaen.ta collected at .Ott of the offatore 
tUtioat. Statioo QI02. louted neer the M•wsrd 
exteneion of the jetclea. coasiet., of poorly 
eor-ced cleyey MM (Table• S-7). ?be high 
conce:ntratloo of silt and cla7 (4.S.281) su.aa«•t• 
thlt tbit cbatu1el acts •• a MttliQJ Mala for the 
depoatttoo of ailt and cla7. Thie .. ,1._ a.lao 
cont•J.ned • hi&h «iacentrattoo (16.381) of ulclmi 
carboa.1te (Table 7). Statton CllOl, located further 
up th• bay. consisted of aoderately eorted. clean 
aediWD tand. Both of th••• , .. pl•• euaa••t that 
the 11dlment curreocly b•in& depo1ited vithill. t he 
channel 11 finer-grained than th• ••dill.enc fcund 
vithin the control or di1pot1l tlttl located 
ottehore. 

ktto. sediaeat• observed b7 diver• ahol.'ed 
evidence of vave diaturbane• at •o.e 1tatioas but 
QOt •t ot.b.i-•• Dtv•i-• .i- .~ .. ...,... ..,.v• .&.fl-• 
of Mdiaeata at scatiOft.I ill cha Charla•ton ~ 
vhich wra eve dttptt cb.IA tho" ..,1ed in the 
C~r&ttoun DKE>S (~. 1979). 1'hu1. it ta 
probe.bl• that vava distQrNnct it &D tapottut 
f•ctor lnfluftM:lng bottOM 14diaent1 tn the 
Ceorsecovn DKDS. 

Ch .. tttry and Pollutant• 

Although contaminant concentrations varc 
quite lov for most of th-9 water 1 .. pl11 colltcted 
in this study, they wer• •1.1Ch higher in the 
sediaent1. The higher conc.ntrat10f'le .aa•urtd, 
~tr, ire not 1baonaal. The uau.al isource~ o! 
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contaaination in sedt.ents are the ,,.. aa 
tho•• for wa.ttr pollution. i.e. t"unoff from. 
urban arees, eoli•n trantport, vartou1 
industrial sources and occa1ion1L •pills. 
Oept~dtng upon current reg1A'le1 , flulhlna 
r1te1. •nd alxlng proce11e1, contaainant loeds. 
tn tk~ ••dimAnt• can ha tn•ftnfficant or 
relatively high. As noted previously. 
di1perNl o! su.s~nded sediaitntl nhr Vinyah 
a.y ahou.ld be rather vldetpread, tht.I• precl\ldia.a 
the bl.ai.ldup of coat-1.o.anta in • .. 11 
aeosr•phlc area. 

Hax.1- trace ae.tal concentratioo.s ausured 
in thie study are presented to Table 3 aad 
Appendix l. The axer ... conctntretion• ere 
li1ted tn Table 8 for each aite and are coepared 
vtth prevtous s t udies in tha Charl11con OHOS 
(US 8PA, 1982 , SCWMRD, 1979). UtLli&in& the 
total digettion procedur11 1 our concentration 
rang•• .xceeded values not•d tn th• Charle1ton 
OKJ)S for iron, nickel a_nd sine (Table 8) . 
Ht.ah••t concentrations of the•• .. t•l• 
occurred .at the chann•l •tatton CY02. The 
h,(gh 1roa conceorration.a uy be due to long-cem 
1.odu.1c-rlal discharge•. All trace Mtal 
cooceatratioa.• -...s:ured la our study verc 
vlthta (or lover thaa) tbe extr..._• noted by 
Chea •t el. (1976). 

WtndOM (1973) found ••rcury 1n urah 
1tdtaent1 along the Savannah liver up to 4 ~a/g. 
con11derably higher than our .. x~ of 0.61 
UI/&• In addition. Holaea et al. (1974) 
reported zinc concentracton1 in Corpu1 Christi 
lay 1edlaent• froca 6- 235 ua/g and cadmium. from 
0.1•1.9 ~g/g. In each ca••• the ...ximua 
concentration• noted far •xcetdtd our aa.x.t.a. 
i.e. 235 ~a/g •ersus 41.04 M&la and 1.9 Mii& 
••r1u1 < 0.1 !J$/g. Ia• 1971 ttudy at Via.yab 
lay, Johnson (1972:) obu.ned 1ed11M:nt 
cooceatratioas of 48-76 Ma/1 copper. 92 ~1/1 •lAc. 3,8c>o-4,800 ~1/1 iron. 8-l2 v1/1 eraenic. 
4.0-16 u.1/1 lead. 0.063-0.088 vs/1 .. rcury et 
a tt.ation. 9-U all•• up river fr• the 90\lth. 
Ko detectable cadaimi or chr•l• co-nce.tratioo.a 
vere noted in that acudy. Concentration• 
detected in our atudy u1lng total dtge1cton 
vere higher for aercury, tron, 1nd chroca.tum; 
lovtir for lead, ar senic. copper, and &inc; and 
•i•ilar for cadmium (Appendix J), 

Ut1li&in& data obtained by partial 
extraction vlth 0.1 N ffCl, ve found all metala 
except lead co be lover in coocentretion 11 
• ._....,..,. 11:0 t-o~ dta:••11:ion (Arr~~. 1). 
Partial atractioa tend• to r..oYe the readily 
lucbed .. ca.ts f'foa the •edtMftt1, wh_tch aight 
,.._ ava.llabla for btoconceatrattoa. Values ve 
ob1erved, bued oa. partial extraction. "'Ir• 
a•neral.Jy a:iail•r to th• concentration• noted 
in lu•ycon ~ tit.sue (Appendice1 3 and 12). 
Copper and &inc concentrations, however, vere 
hi&h•r in the !· .£!!.!5!. c111u1 than in the 
11diaent1, and the concentration of lead tn 
the stdimenct at CH02 vaa higher than that 
noted in B. c1rica. Bothner et al. (1980) 
found zinC conccntration1 virtu1ll)' identical 
to our• in 1ediaenta fro. an area aouthe11t of 
Vinyah Bay at aid- to outer-1helf d1pth1. 



Table 8. Coapariaon• of gooc.he.lcal analy••• of aedt.eata for Georgetown and CbarleatOD Barbor areas. 

PCBa Aroc lor 

1254 "''' 

DD& µg/g 

roe x 

Oil and 
gruse •slka 

Nitrate as 

H03 "''"" 

Hit.1.i.t." •• 
"°2 . ,, .. 

Total kjeldahl 
Nitrogen 111g/lcg 

Soluble Phosphorus 
.. P04 mg/kg 

Total Phoephorue 
aa P04 .g/k,g 

CadiliUlt .,g/g 

Arsen s..c ""'* 
Chromium .,g/g 

Nick.el .,g/g 

Copper "gig 

Iron µg/g 

Lead .,g/g 

Herc.ury Pg/g 

Zinc \18/& 

Clll.l\llEL 

ND 

ND 

0.086 - 0.549 

<t-687 

S7. 97 - 278.S7 

10. 0 - 106. 28 

40 - 546 

1.20 - 1. 63 

8.4} - 34.72 

< 0.1 

l.l• - 1.44 

l.2S - 14.9 

<O.S - 9.95 

<O.l - 2.49 

S,075 - 15 0 473 

< o.s 
0.27 - O.Sl 

9.60 - 41.04 

* Interstate &l.ctroni.cs Corp. (US £PA, 1982) 

C!OlC!TO VN 

COllTIOL 

ND 

ND 

0.047 - 0.529 

8 - 206 

lS. 44 - 533.33 

0.34 - 8.04 

29 - 266 

0 . 231 - 1.01 

8.11 - 15.44 

< 0.1 

0.41 - 1.47 

«J.l - 8 . SO 

< o.s 

<0.1 

2.115 - 8,.308 

< o.s 
o.u - 0.38 

7.64 - 22.89 

** South carolS.na Wildlife and Marine 1le1ourcea ~t. (1979) 
HA - Hot Analy&ed 
ND - Not Detected; Dete<:tS.on Ltait is SO ppb. 
NC - Not Ccm.pa rable; d.tfferiog eo.alysea. 

DHDS 

DISPOSAL 

.., .. 
0.057 - 0.120 

< 6 - 105 

17.SS - 32.66 

0.21 - 81.31 

20 - 807 

0.849 - 1.72 

S.92 - ll.26 

< 0.1 

.36 - 1.36 

1.16 - 2 . 46 

<0.S - S.89 

<0.1 - 1.02 

2.180 - 4.227 

< o.s 
0.08 - 0.61 

5.38 - u . 1• 

llOlll 
CUll!lrr 

.. .. 
0.060 - 0.810 

< 10 - 507 

S0.77 - 392.0 

3.96 - 27 .45 

31 - 994 

C.304 - 1.20 

5.92 - 53.13 

<O.l 

1. 07 - 1.l8 

1.22 - 9.05 

< o.s 

<O.l - 4.02 

J,608 - u.ssa 
< o.s 

0.21 - 0.55 

7. 83 - 23.77 

IEC * 
CILWZSTOR -

0.000492 

0.000027 - 0.00005 

o.os - 12.5 

9 - 63 

NA .. 
... 
NA 

MA 

llC .. 
NA 

MA 

... 
MA 

llC 

0.001 - 0.005 

MA 

SCWHIJ) ** 
CILWZS10ll 

HAllOlt 
ODA 

.. 
MA 

<LO 

< 10 - 22 

0.2 - 1.9 

0.1 - 0.2 

< 100 - < 1000 

< 0.1 - 2.2 

700 - 13800 

<0. 1-0.4 

1.1 - 10.0 

1. 0 - l8.0 

<.S-7.J 

a.o - 21.0 

1. 800-6. 800 

< o.s - 2.S 

.06 - l. 13 

6.0 - 28.0 

'-' .... 



Their partial leaching technique used as S.O 
N HN03 and , hence, resulted in higher concentra
tion• for chromium and copper . Their findings 
indie•ted no accumulations of anthropogenic 
metals in sedi=ents of the continental shelf 
off Sout h Carolina . 

1'o PCBs or pesticides vere detected 
(> 50 g/kg) in th9 sediments at any of the 
1'tactons (Table 8 , Appendix)). Concentrations 
of ODD, ODE and diel drin have been reported as 
high•• 4.2 ug/kg, ).4 µg/kg , and 9.l µg/kg, 
respectively in W;lnyah Bay sediments (Johnson, 
1970). Our results at the mouth and offshor e 
may have been soa.ewhat higher th.an these, since 
our detection lU.it was SO µg/kg. Chen et al. 
(1976) r eported extremes tor both PCBs and 
pesticides of 0-10 µg/k$. WithOut finer 
r esolut ion, ve can only conclude th..t our 
samples may have been wi thin these limits . 

Total organic carbon (TOC) measurements 
yieldld values from 0. 47 mg/g at CSOS to 8.10 
eg/g at DCOl. These ex tremes coincide vit h 
values reported for the Charleston DMDS (Table 
8), Oil and grease determinations ranged fcom 
a l~ of < 6 1113/k.g at CHOl, DSOl, and DS06, to 
a h:lg~ of 687 mg/q at CH02. Our aaxtmum at 
each site greatly exceeded the oil and grease 
conc~trations reported for the Charleston 
DMDS (Table 8). our TOC and oil and grease 
values , h()l.(ever , were relatively low com.par~d 
to coocentr ations r eported by Ch~ et al. (L976). 

Sedillent nutrient concentr ations varied 
considerably between saapling sites (Appendlx 
3). rhe m.axiaua nitrat• concentr ations (S3l. 33 
ag/kg) occurred at CS13 , while the Dinimlm 
(lS .44 mg/kg) vas recorded at CSOS. Sedtm.nts 
in the d isposal site geaerally had much lower 
conceatrations of nitrate than the o ther sites 
(17 .SS-32.66 aa/kg). All s.1111pltng sites 
surveyed in this study had •uch higher nitr&te 
levels tha.n s tations sampled in the Charleston 
DMDS (Table 8). Nitrite vaa siJLilarly varU&le 
with respect to location and much higher t~n 
report-4i in the Charleston DMDS (Table 8) . 

Total Kjeldahl nitrogen ranged from 20•994 
mg/kg vith great variability between the S&?lpling 
sites (Table 8) . The overAll a.agn.itude of 
conccntrstiona , however, oareed with values 
reported for the Charleston DKDS (< 100 -
< 1000 mg/k$). 

BENTHIC COMMUNITIES 

Beaa Travl Collections 

Beam trawl collec t ions taken dur ing winter 
and sumcer yielded 3 algal species , 126 
1nvtrtebrate t.xa, and 28 fish species 
(Appendix 4) . Of the invertebrates collected, 
more species of arthropods (44 species) were 
collected than any other taxonomic group. Croups 
of leaser Uziportance included cnidar ians (21 
species) , bryoioans (21 species) and 1J10llusts 
(15 tpecies) which, together with the arthropods , 
accounted tor 81% of the total invertebrate 
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t axa in be.am trawl collections . These groups 
also accounted for the largest number of 
species in dredge collections frOfll. Winyah 
Ray (Hinde et al., 1981) and t he ocean 
disposal area near Charleston Harbor (Von 
Oolah ct al ., 1983) , although the order of 
t.lu,.lc tapu1:t.au..:011 d1CC011ted ..Vt!¥: 1.be ~1.udl•~· 

Decapod crustaceans dominated the thr ee 
ar eas sampled during winter and suzmner in 
terms of percent contribut ion of species 
(Figure 14). Fish vere also import ant at 
"DO&t sites, except for control stations 
sampled i n winter. where bryozoans ranked 
second to decapod crustaceans in number of 
species. For all stations combined, bryozoans 
were =ore diverse in vinter than summer, 
wher ca• t he nu:::i:ber of cnidarian and fish species 
increased in summer . 

Species vhich occurred in 11tOre than ha lf 
of the 26 collection.a taken froo the t hree 
areas sampled were the portWlid crabs 
Ovalipe• stephensoni and Portunus gibbesii; 
t he hydroid H.alecium • p.; the penaeid shrimp 
'trachyp8Raeus constrictus; t he bryozoan 
Me:abranipora ~; and the sciaenid f iah 
LeiostOlll\la xanthurus. Only one of these specias , 
M. t~uis, vas also frequently encountered by 
Hinde et al . (1981) and Van Dolah et al. 
(1983) in faun.al surveys of Winyah Bay and the 
Chorleston DMDS, respectivel y. seasonal 
com.pariaons of the most frequently encountered 
species. i n bcu trawl collection• i ndic.ated 
that only .Q.. s taphensoni, ! • gibbesii, !· 
constrictus, and H. tenuis were widespread i n 
both vinter aDd s'Wamer (Table 9) , In addition , 
more tax.a were frequently encountered during 
fl,IDD.er collections th.an during w~nter, 

su.saesting a sea•onal chan.ge in t he occurrence 
of certain taxa within t he three areas sa::.pled. 

Sea.sonalit y also apparently had an effec t 
oa the nu:i.ber of species W occurring in the 
study areas. The :edian number of s pecies 
collected in tU11111er (120 total taxa) wot 
significantly greater than in winter (83 total 
taxa) (P < O. OS) . this pattern was consistent 
for each of the three areas sSJtpled and, with 
only tvo e:xceptions (DS03, DC03) was also 
consistent fo r sit es •ampled during both vinter 
and SU11Der (Fig~r• lS). The high ni.mber of 
species observed at DC03 in winter was probably 
related to t he presence of a large quant ity 
of submerged wood, which provided suitabl e 
substrate tor epitaunal coton1zat1on . Subc.erged 
substrates such as shel l and wood occurr ed in 
varying quantities at several stations and no 
doubt contributed to much of the var iation in 
number of species .-ong stations (Figure lS). 

No consistent trends and no stoti•tically 
significant differences in acdian s were found 
;).:lllong the three sampling areas (P > O.OS). 
However, a compar ison of total s among t hese 
areas indic.ated that st.ations i ii' the control 
site yielded t he aost (llS) species , whereas 
"down current " and disposal stat iOns yielded 
86 and 65 tpecies, respectively. This is 
notewor thy in viev of the f~ct tNat tq\l&l 
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Figure 14. Percentage contribution of major taxa to the species composition 
of beam· trawl collections. 
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nuaber1 of tov1 were aade in the dt1po1al •1d 
control are••· wher e•• the "down cuC"r•nt" area 
w11 templed less frequently. Th••• data suggest 
that t he diversity of invertebrate• and fi1he1 
collected by travl wa• lower in the d11po1al 
•t"••· Van Ool•h et •' · (IQAl) "'•" '""1'111 ,,...,,.r 
1pect1• tn th• disposal area near Charle1ton 
Kl.rbor, but attributed tbe lowr tot.al nuat>t·r 
of invertebrate specie• there to th• ....ileT 
number of stations .... pled ratblr then to at.y 
di•"PONl effects. EX•ination of 1pecie1 litts 
fr• the pr1M:Ct study (Appendlx 4) tndicattd 
that a sreacer tnabe.r of bryosoan.1 aod coiduiana 
v•r• pr11ent in collect 1001 from control and 
.. down current•• tites than in the DKDS. The 
incr1111d n\Dber of the1e 1111il1 caxa ii 
probably related to t he patchy occurrence of 
hard 1ub1tr•t1 , priaarily lhtll and vood , 
1ult1ble tor colonisat ion at tho•• 1it1a. 'n\er• 
w.ta no evidence of exten1iv1 ha.rd bottoe at 
an.y of the 1ites , and con1equ1ntly , the total 
number of 1nvcrtebrate ta~• (126 1p1cl11) ~• 
con1ld1rably low.r than th.at r1portld for h.lrd 
bOtto. 1r1a1 futMr offahOfl lo. the South 
Atlaaclc atsht (Ven.nu et &l., 1983). Value• 
of 1, however, we.re co.pe.rabl• to thoM reporced 
by iii.ode et a.l . (1981) lftd Va.a Dolah et al. 
(1983). Oa the other hand, thl au.Mr of ff.shes 
collect•d (28 .,,ectu) va• .,ch low:r than 
pr.viously reported for Winyeh lay CV•nn•r 
et el., 1981; Rind• et al •• 1981; Allen et .i., 
1982) or the nearahor• coastel reaton of t he 
SOuth Atlant ic Bight (C. Wenner, pere . co-...). 
The low number of fiah 1peci11 in beaa trawl 
collectlona probably re•ulted fro. their abilit y 
to evoid the UUtpling aear. Thi nenov aouth 
op.aiq, 1lov-tovtna speed , and .. 11 area 
IW'pt by the Maa trawl aakaa it a.a inefficteat 
MtMd of collcctin&: fiah, aa.ny of vhJch are 
found M.aber to the v.te.r col~ or c.a out .. .na 
thil sear. 

c:c-pari.SO'ClS of .e.aa bic.s•• between areu 
and •Neon• rnuled l\O •ta:nilic&at dlffe.reo:e 
for either factor (F1e..eoall 2l • 2.20S , 
Pareaf2 .2) • 0 .401; P > O.OS) Table 10). Ba.sect 
on 3-a •O\lth 19r ead atld a tov dietenc• of SO'.> •· 
the er., svept by che be.. trawl vaa 
calcula t ed co be 0. 15 hectare/cow. Total 
bJom.111 eatlaates (kg/ ha) for t h• areas aa.pled 
durlnt our s tudy ar ea we.re: 

~ ~ 

<:q.acrol 3c..tt.oo• ••• lt.l 

DiepoNl St.atioaa U.3 9.2 

........ current" 
Statiooa 7.5 26.2 

w.,,ner et al. (1981) obtained lover value• for 
bi011.111 of decapod cruat ece.an1 end fishes in 
the Winyah Bay system. However , Ho11• (1973! 
reported valuet of 10.7 k&/h.t for fi1h•• and 
6.1 ka/ha for invcrt·•brat•• in Ooboy Sound, 
C1<1rsta. la the nearabor• and coaatal 
hf.bitat of the South At!Atintic llSht, biocaaaa 
eatlaat•• for fishes of 23 ka/h& have been 
obr:aitted in wittter and 12 k.a/he 1n ..-er 
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(C. Wenner, p1rs. coma.). Undoubtedly, higher 
eactaate• of total bioeiaaa vouJ.d ti.ave be~ 
obteined tf a s.a:::ipli ng geer which vaa more 
1ff1ctlv1 in c•ptur ing fieh h.ad b1•n used. 

Nor.al elu~tc~ on•iy•i• ot 4•t• 
r••ultioS from be42 trawl coll1ction• identified 
five dl•tinct aite aroupe b.l.•ld on 111111.arity 
of faul'Lll ca.positioo (Figure 16). There 
Vite DO tendlttlCJ for St•tiooe tO be srouped 
accordtns to area sine• all sroup1 cont•.ined 
etatton.a louted both loaid• aod outside the 
diapoaal area bouodariea. Hovev1r, •t•tioa.a 
vtf't arouped by sueoo indicatlnS that •pectes 
CCMIPO•ition in the study area vae different 
b4tvttn vinter and suim11er , 

Inver•• cluster analytil of t ho 81 •pectes 
which occurred i n tvo or 90t• collection• 
produced 11 groups (Table 11). Nodal d i agrams 
v1re uaed to describe th• dietrib\ition of 
1peci.•• in ttTm.f of their relativ• con•t•ncy 
and fidelity to tit• a~up1 (Pisure 17). Aa 
iadicated by nodal aoaly•i•, 1pecl11 lo sroup 
A ver• highly restricted kr: only 90derar:dy 
COGltant at atatioo• 10 aitl Stoup J, tlh.i.c.b 
W'trl .,._,,ted pY-faarUy to. vioter (vtth the. 
exception of CSll} . S,..ci•• io Chi• sroup 
ar• c~ lah.abitant• of the ntarehore coast.al 
habit•t. but are apparently rettrlcted in their 
dl•tribution. For example, Bue1con carica . the 
1peci•• chosen for pollutant~ptaka ••••a1111ent , 
va• collect ed at only cvo •t•tlona, CSOS and 
OC03. The spotted bake , Urophrci• reg tua, was 
llaittd i n bot h its apact..l and tteporal 
di1tri tiution, being collected only at "down 
current•• stattoas f.n winter (Appendll 4). 

c·roup B included thr .. •P«i•• vb.ich 
vtir• o•ltber cooaiat«ntly coll.cr:ed oor 
r11trtcr:ed to sr:.attoaa lo any elt• croup •. tbe 
rock crab. CaAc:er irrorar:u1, which 11 • CCllm900 

tnhabftaat of coastal vsttr·1 off the lilev Dlglaftd 
and Middle Atlantic stat•• (Wtllt.a.t, 1965) 
vat colltcted only du~iot winter aaaplift.S. 

Species i n Croup C were 1110 neither very 
con1tant nor fai thful to ata tton• 1n any site 
aroup; hot.lever, every 1peci11 in thit group 
.-xc1pt Bu•ycon canaliculata wa1 colltcted 
exclu•ivtl y i n th• control area. Tvo apeci•• 
in thla group, the bryotoan Kipealio•f.na 
roatrla•r• •nd the starfith Aateroldea A, 
were collected only in •\m9Cr • 

Croup D ls co.prised of 1pec:lea vhlch 
were falrly ubiquitOUJJ throu&hout the ttudJ 
•r•• but vtre consiat.atly collected onl7 at 
ateti.Oft• 1n groups 2 and S. Th••• _,.ct•• "'-r•. 
al.eo well re9re.teoted ln collectton1 troa both 
•u•on•, with ~ uc.erophyll• Wins the 
only apec1•• vhicb occurred aolely in a\lllllM;r 
(Append ix 4). 

Croup E contained •p•ci•t whtch 1re co.mon 
lnhf.bitanr:a of the nearthor• coattal habitat 
in tho South Atl~ntic 81-ht. ' Th••• ap1cte1 
"4!r• aoat co-n•isteutly coll•ct1d durin& tuimier 
at stations in group 1. Tho11 tpeci•• which 
w.r1 collected exclutively durins tumaacr 
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Table 10. Summary of biomass (kg) for organisms collected with the beam 
trawl. 

Winter Summer 

Control Stations x - l.26 x - 2.87 

sit - 0.54 sx- 0.51 

n • 5 n - 5 

Disposal Stations x• 1.844 x - l.38 

~-x 0.64 s- -x 0.58 

n • 5 n • 5 

Down-Current Stations x - 1.13 x - 3.93 

S- -x 0.61 s._ -x 
1.52 

n • 3 n • 3 

' 
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Table ll. Specie• ITO\Jps ruulttnc f ro. nu•e.rical cl•••ilic•tion of data froa •••plea colle.cted 
by b .... travl, (Al • Al1ae; Ar • Arthl"opoda; lry • lryo&oa; Ch • Chordata: On - CnidariA.; 
Ecb • Zc:htooderu.t.a: HI>• Hollu..sc.11; Po • P-orU•ra) . 

Croup A Croup P 

Pil\mltUt .. Yi (Ar) 
Td.••to fruticulo .. (CD) 
Acttnt.rla A (&) 
A•t•ria• forbeati (Ec:h) 
Sguilla ~ (Ar) 
Urophrcls regtuc (Ch) 
liu!!coa ~ Ho) 

Croup I 

C:.nc•r irroratu1 (Ar) 
~pe sayi (Ar) 
Apl:ldiu. cOMtellat..- (Ch) 

Croup c 

R1peoeor-1M contract• (Br1) 
R1pP"l1Milna ro1trl1ara (Bry) 
Centroprl•ti• atriata (Ch) 
Lxtec:htnu.a varie:rtu• (Ec:b) 
Mteroidu A Cle 
Arllacla puact:u.lata (lcb) 
Alltrop.cten duel1catu1 ('Ech) 
Buayeon cenallcUlata (Ho) 

Croup D 

ketadeoa.Ua 11.ut l!fw ( lry) 
Para .. ~ttl.OA. Dittd. Ir')') 
Portunu• •pin.taanu• (Ar) 

· H•branlPor• t•nui1 (Bry) 
Alltrangla aatr.Tror.l.a (Cn) 
Ettfu' croa.otu• (Cb) 
Sc por&ili enata (lry) 
8.tpeoeoriAI ve"iT'iIIT (lry) 
_Chm .. carop&ila (Ho) 
"!r.C"tra w:>ooatachi• (Bry) 

Croup r: 

Kicroroaoata• und~at.,. CO.) Arw•• cr1brar1ua (Ar) 
Pa ru l on.aicarpu• (Ar) 

regalia (Ch) 
'""==oc=t.:•,,_• at.ills (Ar) 
fl•e-~u• •ebel~clc~• (Ar) 
LarS...1 fa.sc..t..tu1 (Ch) 
P-.a-.. a-&t·ku.9 dtecua (Ar) 
StJii.far lanceolitua (Cb) 
SCiarodactzli brtarwe (!ch) 
Saraa••WD nat•n• (Xi) 
Api il 1 i.. 1 "j;7lCh) 
R.Mnoptara bonuua (Cb) 

"9llita guin•u•aperforata (&ch) 
hlonotua caroltnua (Ch) 
Pagu.ru• pollicarl• (Ar) 
~branlpor• arbore.scena (lry) 
l•ianua venuatu• (Ar) 
Crepidula plant (Ho) 
CaUS..ctia tricolor (Cn) 
C:r"'91dula fornicate (Mo) 
1A.1oato.u. :un.tbu.ru..s (Ori) 

Croup C 

Spphurua pl•1l\1ae (Ch) 
DYallpu ocellatus (Ar) 
Sc.ophthal.al9 anon• (Cb) 
lr·woortia tnannua (Ch) 
Anchoa •itchtlli (Ch) 
o;;np.ea tteph..-i.onl (Ar) 
Portunua 1ibba111 (Ar) 
T'l'achrpenaeus con1t-rlctu1 (A.r) 
Libinta e.arainata (Ar) 
Kaleclum •P· (ca) 

Croup H 

Ten&ciella obltqua (Po) 
Trinecte.a .. culatua (Ch) 
Mtld.t.acea A (a> 
LS..,,lua eolnhe9aa (Ar) 
rpt.a.oan.tbua .. ar-tcanua (Cn) 

Croup l 

!!J.!. glant.et'U (Cb) 
!ltx!NZ!Oru.! anguatifTona (4r) 
Ac•t•• ..a-1.eaftUe (Ar) 
htt!iboo.I •editerr.-o.u. (Ar) 
Cltharichthye .. crop• (Cb) 
cailtnect•• ••ptdu• (Ar) 
Porc.dlaaa NYIM (Ar) 

.,,_, J 

Lolllgwicu.la !!.!!.!!. (Ho) 
Hydractint.a achlnata (Cn) 
• .,, ... 1. ··~tf•l"l1• (Ar) 
~tpee ae:rcenaria (Ar) 

Htcroporella cll1.ata (Bry) 
Polintces duplicatus (Ho) 
Ancrlop••tta guad~ocellata (Ch) 
Trw.•tega venu•ta (l:ry) 
D.lp eura caudata (Ho) 
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included th• Atlantic cro.Mr 1 Htcroposoniu 
undulatu•; th• 1r•1 trout, Cynoacion re.gall•: 
tbe t>.nd•d drua, Larimua taaciatut; the co11nO•• 
ray, lhinoptera bonasu•; th• portun1d cr•bf 
callinectea tiailis and Arenaeua c rtbrartu1; 
the brown •hrlsp, Pe:oaeu• aatecu• aztecus; and 
ti. brOVD al&• Sargaasua !!:!!.!n!· 

Croups r aod C coatained specie• whic.li 
were gener1lly ub1qultoua throuthout the at-udy 
ar•a and, th•r•for•, not faithful to any 
par ticular alt• group. Croup F apeci•a ~re 
most con•ittently coll•cted during summer 
•t station• 1J'i groups 1 and 2. Tvo specia1, 
Prioaotu• carolinus and Calliacti• tricolor, 
vere collected only in ~r. Speciu in 
Croup C "WT• thoH vhich vare frequ~tly 
colleeted at .01t station• dt.1rs.n, boC:h K&tOCl•· 
The mo•t frequently eacouatered 1peci•• 1D th• 
stud.y (Ovall!'• 1t•phenaonl 1 Portunus ~ibbasil 1 
Hal11ciua ap,, and Ir1shyptn11u1 rgn1tr )'t u15 

occurred in thia group. Th• only species in 
Croup C which vat te:apor•ly reatricted was 
Brevoortia t;a•nrtut, the Atlantic aenhad~. 
which OCC'UtT oaly 1n viAtar. 

Ct"OUf'• I a.ad I included infrequently 
coll.ct.ff 1pecle• which v.re ciot nry coaac.aat 
or faithful to any sit• sroup. In t.heae group•. 
the sponge Tanaciella obligua: ttMe fi•hes 
Trinectet aacuiatul and Raja ealanterta; at1d 
the decap0d1 Hax..panopeu• 1nau1tlfron1, ~ 
wricaau• and Peraephona aedlterrenu were 
c:.ollect;a only in st.Wr. vhll• the: hor••ho• 
crib, Limulu.• eolnhemu•. aod tba aamoae 
Epts:oanthu• w.rieattu.S vua colluted oaly in 
vinter. 

Sp•cie1 in sroup• J and K ver• highly 
faithful to 1t1tions compri•ina 1lta groupt: 
1 aad 2. rttptctively; hovovtr , they were oot 
conaiatently collected at tho•• tt.atiOl'ls. Th••• two aroupt constitute a •Wiiier •••e.blaga 
of organt.u: ta the 1cud7 area. vltb all 
ae..bert except the flounder Al'lc?lopHtta 
guadrocell•ta aad c-he bryocou• Microporella 
ctli.at1 and !rxpto•tega venuata occur-ri.ng 
cxclu11vely ln ....... r collectioot. 

In conclualon, the ca..aunlty ttructure 
of ft.shes aad epifaun.al inverttbr•t•• itl the 
study araa 11 influenoed by Maeonallc-y. !'he 
nuaber of •PKiea wa• alj:niftc.antl7 b.t&ber 1D 
suime-r. Furthaf'90re, spec 1•• a1 .. blag:es 
dUfered aotlcubly becve.ea vtiriter aod StmMr , 
vlth teve'!'al •s>«l•• occu:rrlna during oaly 
ona aeaton. Although the: total nuabe.r of 
apecla• vae love•t 1D the d11po1al area , 
c011Lpar i1on• of tpecies compoaitlon betveen 
sites indicated that lover divertlty resulted 
from fever ••ttil·• orsanl•• , uialy bryocNna 
and cnidartan1. 1bi• nu••t• that less 
substrate va• available for colODLz.atloa b1 
aessila ora1n1 ... ln tbe ... pled portiooa ,, 
the: diapo .. l area. Ho.,._ver, l••••r ~t• 
of subttrate auch aa wood and ahall 1D tM 
DKDS ara problbly oot related to p«at 
disposal activities. 
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c·rab Col1Kti0n• 

Crab 1ample1 from control, dispo11l, al'ld 
"down C.\l~&'•nt" •t•tiono yl•ldod 1110&<• tlwn 
19,000 individual• repretenting at least )57 
sp.ciaa of invertebrates (Tables 12, 13: 
Appendices 5·10). Hore apec.1•• •nd tndi-vldu.ala 
v.ra collected from tbe coatrol alt• th&a 
fro. d1tp0.aal or .. dOVD current .. station• 
(Table• ll aod 13). Collecttoo.s free "down 
curTtnt" •t•tions yl1lded coo•lderably f...,.r 
•peel•• and tndividu.tlt than control or 
d11po1al sites, but thi• retlects , in ptrt, 
th• T'·tduced saapltng atfort ln that 1ra1 
(three ttatlOC'l.s v•r•ut fi-ve at CS and OS 1rea1) . 

1be oaa'ber of spe.tll• collected durtna 
t ... pra .. nt ~Y vat e<>Gaiderably hi&htr tbata 
theit coll.cted for the Savasmah, Cbarletton, 
and Wtlaia.gtOft mms •tudy (SCW-DHDS; us UA. 
1982), In that rel•tively 1111ltted aurvey, oaly 
28, 82 1n.d 30 &l)ectea vere foWld in and 
adjecent to those dt1po1al areas, re1pectiv1ly . 
Hovever, •more inten1l-v1 ltudy of the 
CharltttOft DKDS ('Van Dolah ec- al . , 1983) 
reported the occ"*rreace of 439 species, 
iodicatla& that dlveralt7 la ~ bottoa habitat• 
of South CUoliaa coeetal wtera aa7 typic&lly 
be -..ch higher than prevlou1l7 reported. lnott 
et al. (1983b) also reported collectlft& a lar1• 
number of species (205) in thall over water off 
t he be1ches near Hurrell• Inlet , south Carolina . 

O\lara.ll, polyc:hatte• w.re the .o•t ve.11 
repreHOc-ed group of the 27 higher tax.a ldantlfied , 
vtth 1'2 1pecte.s accou.ntil'lll for 43% of the 
tota.l o\mkr of •P'Ci•• (Table U, Pigv:re 11). 
Polycheat•• •lao accovnted for • siai.lar 
proporttoa of th• nuaber of species vithin each 
of the eltea aaapled (control , dtepo .. 1, •nd 
"dot.'l'I curr~t"). Allphipode, pel ecypodt 
(42 epectea each), gastropod• (36 apecle1), and 
decapoda (33 tpect••) V9're the otti.r diver•• 
ta.a and toget.her vtth the polychaet•• ca.prl.aed 
about IJZ of the total D!imber of speci••· Only 
ataor dUfereocea occurred b•tveen coatrol, 
di1poaal and "dovo cvrr~t" •it•• vlth r11pect 
to tha proportioaal contribution of tlM•• .. jot 
t.axa (FLaura 18). The relative 1aport1nca of 
these tSJConoelc group• vat al10 very aillllar to 
that ob1erved in the Chtrl11ton DHDS, \ilhera 
polych.aate• cOfltributed 43% and the ,... five 
dc:.1Aant ce:a.a c .onLt1buLoJ 021 of tn. to~•l 
rn•ber of apecie• (Van Oolah e.t al •• 1913). 

In cerw.s of a"9oerical abu:Dda.ace. pele.cypod• 
wra do.ia.ant vhea all etatioa.s vtT• C01'11dtr~ 
toS•t~r (34%). felacypoda were alto th• llOlt 
abundant organism• at ditpoeal e,nd "dovn current" 
•tationa (Table 13, Ptaura 18). At control 
•tatloua, however. pelac1pod1 racked second 
to polychaetea, ind aaphipoda ve:re relaclvaly 
.ore illport.ll2t than at the oth~ ait••· 
Addltioaally, the relative abuDdanca of 
lunulltlfor. bryoz.oao f"Olonie• noted at dlapoeal 
and '"dovn cunent" ttltlont 14• not appartat 
vlthln the control titt. It ehould be noted 
that thtte bryozoans vere sorted and identifitd 
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Table 12 . Nuaber of species representing each of the .. jor aacroinvertebrate taxa in grab saaples 
from. control. disposal, and "down current" sites. (* indicates a taxon t hat w.as prob4bly 
represented by more seecte& than indicated due to uncertain or incoaplete id1ttttifications) . 

CONTROL DISPOSAL llOWN CU1IRENT COMBINED 
STATIONS STATIONS STATIONS STAnONS 

Hum.bet of Hwaber of Numbe:r of Kuaber of 
Tau s2ectee Rank s2eciea Rank S2ecies Ran.k s2aci•• Rank 

Polychaet.a 116 l 94 l 58 l U2 l 

Amphipoda )7 2 22 3 16 2.5 42 2.s 

Pelecypoda 30 4 30 2 16 2.s 42 2.s 

C..•tropoda 31 3 12 s 7 s 36 4 

Decapoda 29 s 16 4 12 4 33 5 

Ec.Mnodenuta 7 6 s ' 2 7 9 6 

t1opoda 4 9.S 6 6 l 16 7 7 

Hyaidacea s 7 4 8 3 6 5 8 

Sipunculid.a* 4 8 3 9 l 16 4 9 

C\macu 4 9.S l 20.5 l 16 4 10 

Anthozoa• 3 11 2 u l 95 3 11 

Bryo:soa 2 13 3 10 l 16 3 12 

Be.ichordata* 2 13 l 20.s l 16 2 13 

Scaphapoda 2 13 
.. 

2 14 

Nemertina* l 17 l 14 l 9.S l 15 

Oligochaeta* l 17 l 14 l 9.S l 16 

Turbellari6* l 17 l 14 l 17 

Neutoda* l 17 l 14 l 9.S l 18 

OstracOda• l 17 l 14 l 16 l 19 

Tan.a id.ace.a l 20.5 l 20 

A&cidi.ac:u l 23 l 20.5 l 16 l 21 

Brachiopoda l 23 l 20.S l 22 . 
f 

23 20.S l 16 l 23 
! 

Ceph.llochord•t• l l . 
Stomatopoda l 23 l 20.S l 24 

!c:hiurlda l 23 l 16 l 25 

Pycnogonida l 23 l 20.s l 26 

Phoronida l 23 l 27 

Total 288 210 127 351 
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Table U. lluaber of iod.lvtd.ul• r-.r .. •tSAa eacb. of tbrt ll&JOr aacrot.a....erteb-r•t• taD ta. P'll ..,1 .. 
!roa coa.t.rol 1 di.spoa&l.0 .ad '"~ c.'l.lrr'«lt" •it••· ( • • bt"JO&OULS wr• oot. ecwa.rat-4 1D 
vnice.r --.pl u ). 

C>llOTIDL DISPOSAL DOW CUUZlfT aJKIIIUW 
STA.TIOllS STArIO\llS STAnotrs STATIOllS 

Total To<&l Total To<&l 
Tau - ...... -« a..k - IAAk - a..k 

PelecJPo4a lJ37 2 )197 1 au l 6427 l 

Polychl•t• 3159 1 1031 3 sso 2 4740 2 

Mpbipoda 1490 3 330 s 81 4 1901 3 

lryocoa• 204 u 1198 2 247 3 1649 4 

A.ec.14 i.e .. us • 491 4 .. ' 117 s 
•-coda 498 4 .. ' 67 s 653 6 

Dec.apo4a 421 s 109 1 so 1 580 1 

Echinodemata '°' 6 76 10 24 11 409 • 
Stpuoc.U<lo 245 9 Ul 6 10 u 406 ' 
.... «!AU 271 1 74 11 46 • 391 10 

011aoctwleta 196 12 9) • 31 ' 320 11 

Caatropod.a 239 10 27 14 16 12 282 12 

C.-cu 113 13 26 15 2 17 141 13 

Mtbo&N 10$ l4 10 18 4 16 U9 14 

r..,... 23 16 Sl 12 26 10 100 u 

Myet.dac" 43 15 47 13 1 14.S 91 16 

TutbeU.ria 18 17 2 21 20 17 

TauU..cu. 11 16 • 18 18 

Cepbaloc.bfmlet.a 3 21 u 17 1 19 16 19 

8-Lc hoTclai ta 3 21 3 19 1 14.S l3 20 

Oatracoda 1 18 2 21 1 19 10 21 

St~topoda s 19 1 23.S 6 22 

BrachJOpod.a 3 21 2 2l s .. 
?cb1'u'1da 2 23.S 1 " 3 24 

Pycnoacm lei.a 1 2S.5 1 23.S 2 2S.S 

Scaphapoda 2 23.S 2 2S.S 

Phoroo..Ua 1 25.5 1 27 

Total ,,,, 1041 2128 19128 
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NUMBER OF SPECIES 

Control 
Statio11.• 

Di1po1al 
Stat1011.1 

Down 
Current 
Station• 

Combined 
Statio11.1 

m Pol)'ebaeta 

[[]] Pel•eypoda 

i;zJ Ampbipoda 

~ Ga1tropoda 

§ lf"J'OIOa - Dee1poda 

NUMBER OF INDIVIDUALS 

1:21 Aaeidlac:ea E5J l1opoda 

~ Bcbi•oder-aata - M:y1idae1a 

~ Ne•atoda Cl OtbeH 

Figure 18 . Percentage contr i bution of major taxa to the number of species 
and number of individuals in grab sa~ples from control, disposal, 
and "down current" Sites . The number of individuals noted for 
bryozoans refers to the number of colonies. 



only trom saaples coll•cted during the SUflller 
1e1.on. For chit reason, their abundance at 
••eh tit• m.ay be somevhat undere1ti.at.ed, 
although comparison• i,.rween 1tte1 thould be 
valid, nonethcle.$•. 

The relative abundance or differe:ot aajor 
t llll collected tro. t h• Ceor&•town DKDS ,,.., 
~t dif(ereat than that reporttd by 
Vaa Dolab et al. (1913) for the Chsrl•atoa 
CltcDS. Off Cba:rleaton, polycha•t•• (37%) ~r• 
COGapicuouely .o:r• abundant than pelecypoCs 
(7%) , a.ad cephalocbordat•• (20%) and atpu:c.culida 
('l) repres~ted a conaiderabl• portion o! t.he 
total number o! organiaa.a. 

In the Ceorgetown DHDS 1tudy area, we 
noted teapo:ral and spatial variation in the 
dot11nant species (top 10 in abundance) (T~ble 
14). The razor claa, 2n1t1 dir•ctu1 , w.aa 
th4. .O•t •bundant •pec~t u ch aite durtn1 
the vi.acer• vi th more than t vtce aa Ma)' 

.,..CiMn• collected than tM aat eoat 
•~t apeciu. In •~r --.l••· tbU 
ckmJAance by!· direccu.s was oo 10011r 
appa:re:at, and t.be lunulittfor. \ryoz.oan 
0..pu.l!drU die.a vaa tM .oat abundant spe<ie.s 
at disposal and "down curr~t" etatioa.s. 
N-.atodes were num.eric•lly doaiti.ent •t 
c~trol station•. S1nc1 C. dOlll vis not 
proces1ed in winter aampl91,~11 1pparec.t 
•••tonal changes in domtnanc• may not be 
real. H~ver, it should b• not..S that five 
1pect11 (the pelecypodt B. dir1ctu1, 
Cr1•1t.nella 111Artinicen1ii, atid Cc111tnella 
lunul•t•; the solit1ry aiteidtan ~ vittata; 
and neaatodea) were a.ions th• tta .oat 
abundant collect.ed durin.a both Ha90G• (T•blc 
14). 

KIAJ of the do.iAant .,.ci•• ve:re vide.11 
d1•trlbuted throuahout the 1cud7 area (TaUe 
16) aad aoa.e were restrict•d to 1 parttcular 
eite. The diaposal and "down curr~t" at.res 
vere numerically dominat•d by one or tvo 
epeci•• during each aea10d. At thl control 
lite, however, there va1 1 aor• even distri
bution of individuals among ••vera.l 1pecie•. 

Two taxa c~n at th• control 1it.e, the 
CA1pit•llid polychaete H&dtoaascu1 c1ltforateos11 
and neaatodes, ar• depoalt le'41r1, vhJ.le 
1u.,en1tOD feed1n,g antaal e Vl:fl doaiaant .c: 
all oth4~ •itc• (Ta~lc 14). ta la•t, 
WSJ>ft&lloD fee!ers accounted for at tu.at 
S1% of the total n~r of aniatLl• froa 
the uti:r• atudy aru. The act:\1.1.l ,.rc•taa:• 
.. ,. 1MI 1r1atcr thl.D thie, 11ac• oa.ly 
known auapenaioa feeders that contritluted 
.or• than 0 . 11 of th• total nURber of 
or&•niAL• were considered. 

[n contrast to the •u•pension feeding 
co.munity ob•erved in the C.or11tovn ttlDS, the 
SCV•DHl>S V1:rc character!&~ aa b•in.g priaarily 
coapoetld of ..all-bodied cl•po•lt feeder• (>ft• 
polychaetca aftd cru1tac:•• n•) (VS EPA, 1982~. 
Thet study al..o noted that 1e the C'hl;rl••tm 
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dt1poaal •tte suspension fe•dtra typic:a.lly 
accounted for fever than 201 of th• 
individuals. Van Dolah et al, (1983) , hovever, 
collected l arge nuabers of th• 1u1p~1ton
te~1ng cepbaloch0r4atc aranchto•tuma 
c:artbaeua to the Charlest on DKDS. Thi• spgctea , 
to1ether vitb f i l ter-feedi.& ptlt:Cypods and 
br101oaa1, accounted for a .. rl7 )()% of the 
total n-.ber. Tbua , it appears that the 
•uapeasion-fudiA& coapooent of ~robentbic: 
Co..uft.lties 1n 909I •••rshore aa.viroaa.e•t• 
.. Y be more isiportan.t than previously 
indicated (US EPA, 1982). 

To cvalu•te the effects ot aea.onality 
on numerical domi.nance and ar •1l distribution 
ot tnportant 9p,ecles , the mean d1n1tty of each 
apeci•• which contributed ar11t1r thin lt of 
the total number of indivtdual1 v11 plotted 
1g11n•t etatioa location and , .. eon (Fiaure 19). 
Actual value.1 for each epectes are 11.lted in 
t able 1.5. A,ppendic:ee S-10 iAdic.te • hlgb 
dt1r._ of variability amoQ& replicate.a and 
stalioo• vith:iD «acb 1tt1 aod ... aoa. Staila.r 
t~ral and ~tUl vart.abUJty le «-OD 

~ aacrobea.thl.c c~tt tea of the. South 
Atlantic fi&bt (F'raa.kenba'r& 1Glt tAiper, 1977; 
U'S U A, 1982; Xnott et al •• 194).a). 

Three e:pccies ver• conapicuoue vhen 
ca.pared to the oth1r1 ~cause they were 
con1id1rably 1tere abundant. £n1i1 dtrectua , 
C. martinic.ensis, and C. doaa"""Vi'i'e' far more 
ftt.a1rou1 than all othe"r 1;;ci•1 (note th• 
difft rence in seal• of th• top rov of 
h11togr-.s, Figure 19) . The .oat 1bu.ndant 
•pecies, E. direct:u•, i• • CGm!IOD ehallOY
vater tnhibic..aat along t he eat1r• .Atlantic 
C.O.tt (Tberoux and Vi&l•y, 1983). It vas 
fouod iD •1&.n-.1fic.antly 1rMt•r a..Mra at 
alJ. eit•e dvri.ag the viater (P c 0.001. 
A!loYA) , p:rob9bly du.e to epava.t.aa acti•tty 
dur'iq thia se.aaon. lnott et al , (1983.a) 
noted 1 1ingl1 •:pawning of th-ie •peci•• 
aomett.e betwetn Kov•ber ind Pebnu.ry. 
The reproductive cycle of I. dtrectu• •hould 
be coneidered in d1t•ra.intn1 t h• optiaal 
1chedul1 of release of dreda.c& aaterial in 
this erea atnce Harrieon •t 11. (1964) reported 
that it• larval dts~r .. 1 and settl .. ent helped 
to •ittgate the effects of defauMtion 
cau.sed by dred&iaj: aftd epoil dispoMl in the 
lovu Chuapulr.e Ba7. 

"11.10 densities of E. direic:c.ue wre oot atpi• 
ftc.aaUy d:Ufereat betvi"ee s ittl (P > O.OS), aor wre 
atp1fic.aat diffe.reoce• (P > O.OS) Mted between 
alt•• ta. the oe.aa. d••lt i11 of tha aec:oM: aod 
third moat abundant "PKl••· C ... rtlnlc:ensl.s 
and c. doma. The•• apecl•• &>viav•r, both bad htaher 
d1n1Tt111 in the di•P!'>S&l alt• thin •l•evhere 
(Fi1urc 19) . Both of th••• are typic1lly 
ftet•ltving 9pec:tes found i.n coarse , ahelly ••nd of ahallov coastal vater1 (Harry, 1966; 
W1n•ton 1 1982). Cupul•drta .!!.2!!, Vfll •110 a1110n.g 
th• do.in.eat specie• in th• Chltlcston DHDS 
(Van Dolah et •1., 1983). 

Aftether species of Craasinella (C. luauUt.a) 
visa the fourth .ost abundant epec:ie• Overall . 
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Picure 19. Comparison of the mean density of dominant macroinvertebrates 
from c rab samples at control (CS), disposal (OS) , and "d01m 
current" (DC) sites . Only species r epresented by more than 
IZ of the to.tal number of incliviC:uals are included. (Open bars 
are \linter , $olid liars are sumaer) . 



T•1'1• 1). Moun density of t .he 6'-.IMAt ueirolti.ve.Ttebr•tu •t control. dbpoaal. •d "down currut" •it•• durlns uch suMn. V•l1i1e1 
are: t .be 11,_.r of 1D41vidual• p•r 0.1 .t. 

CClfl'IOL STATIC*$ DlSPOSIJ. STATIOKS DOWM CU'llENT STATIONS 

WlHT!l ·- vnrmt SIH!D VlrfrEl SIJ>Ool!R 
Hun Htan Kean H1an Klan Kun 

l>mlitY Dl:n•ltJ: o.nattz Den1ltz Den11tx. De:n1!ty 

En•!!. direie.tu• 36.4 8.6 44,l 2. l 49.2 4.l 

Cr•••in•lla - rtinlce.nel1 8.4 4,7 19.7 38. 0 0.6 1.1 

Cupuladri• !2!!. no d•t• 6.8 no data 44.8 no data 16. s 

Cras1tne1l a lunulata 17.9 6. 8 2.9 S.9 O. l 0.2 

Ptu1• viLL• La "' .. , ).4 l,,, ••• ).9 

-<oda 9.6 10.) 1.7 1.1 •.l 0.) 

Pol11ordli4a• A 12.) 2.1 LS l. 6 1.9 o.s 
.!:!!!!. cat1'111.rin.mala IS.9 2.9 < o.e 0.1 l.l 

Htidt-.1tu.a ca.lifomie:atU S.4 ••• 0 .1 2.9 0.4 1.0 

Ertchthon!us bra1Ute:tt1i• u.o 1.6 0.4 0.2 0 . 2 0 

M .. rtlnea 1.9 2.9 1.4 l.6 l. 7 1.4 

Sabel.Iara vulgart• 2.9 ••• 3.6 6.0 1.0 l.S 

Aspldo1lphon goanoldi 6.8 2.2 1.4 4.0 O.l 0.3 

01 tgoehlieta 4.0 l.8 0.4 ).3 0.4 l. 7 

Pleuro•eris trlde:otat.1 0 0.2 6.4 S.7 0 0 . 5 

Mphtodla pulchdla 4.l l.5 0.7 l.O 0.) 0.5 

Klthlrplnla norldana 5,5 0.7 l.2 1.5 0.2 0.1 

P•ra1~~~_p_l~ ,_~ta 0 6.1 < 0.2 0 ).5 

~ 
CD 



1bi• bivalve typically _,.nd• .o•t o! its :1-4: oa 
th• top of the: 1ubstrate rather th.aft IMJ·rted ln Lt. 
cliabtna on bit• of shell by m1an1 of its root 
•nd. d•lis•t• &yoool th~ead• (N•~ry , 19&&). lt 
hf.a prevlou•ly been reported a1 an importa~t 
•ember of the tMttithit m1crofaun.a 1n the entrance 
chann•l of Wlnyah Bay (Hind• et al .• 1981), 
1--here f.t ,.., Larsely re1trictH to a&ndJ Ndiaont. 
In tM pre Milt ttudy. it va1 •laaifiuxit ly •r• 
denM in the coutrol sit• tha.o at the di.1-po.Nl 
and "d°"" curr.nt" 1tatlon1 durtna winter ... pllQI 
(P < 0.02), although no such pattern was 0)11rvtd 
among coll1cttoa1 taken durt.n1 the 1u:m11er 
(Figura 19). 

The filth .oat a'Wndant 1pecte1 va.1 t~e 
solitar7 •N:idiui, l:1:!!2 vftt.ata. Thi• ... u 
a.ctdtaa la fouod In abaUow veter att.acbH co 
aaall btta of eb&ll or 1t0111a (Yu .._, IMS; 
Plou1h, 1978). Its pattern of dneity uoo.1 our 
1Utioa1 rt1abled th.at of C ... rtiniccnai• and 

49 

C. doma, in that it vaa moat' coa.on in th• au..•r 
In the'"""d l1poaal aite (Figure 19). Like tho•• 
apeciet, howtVer, this pattern waa not ata:iatlcally 
algntfteant (P > O.OS). eo.,.ri•on• of ~n 
densttte1 *80GC ait•• atid ••a9001 !or the :'-.ainiAa 
dcat.nant sp*Ci•• resu.ltM iA 0tt.ly oae ot.be..:' 
aiptlkaat clllfer•~•· OurtAa bot.b se.asoa•. 
the: polJChli•t• Kedicaaatu.a caltfoniiieo.sta ._. 
.ore abundant at control atatlon.t than elawh•r• 
(Figure 19), and 1£1 vint•r th• dtffereoce Hitveen 
CS atationa and OS atatione waa atantficant 
(P < 0.05). 

The two .oat abwldant .. croinvertc:bratu 
collectH 1A the Charluton OHDS wre the 
l.aoc:•l•t lraochioatoaa cariN ... aad tbe 
aipua.cultd Aapidoaipboa goaoolcli (repor·ttld •• 
~· apinalta: van Dot.bet al., 1983). Altboulh 
~· goanoldl v.aa also found tn higher det1.a1tie1 
in the Georgetown OKDS (Ptaure 19), a. cariba•~ 
waa not nearly •• cocm1on (Apptndicei-S-10) , 
Thia difterence betwc~ the two diapo .. 1 alt•• 
ts notevorthy, although not •••Uy a:pLa.intd. 
It could be due, in part, to tM relativ• 
.obtlity of the l.aocelet, which ta oftftl uken 
iJ:i ~r!ace w.ter ~lea (lotchwlia: and Cu:ater, 
1962), ud to cliffe.rftlcea ta the availability 
of auitable ahell substrate, Which ii necesaary 
for lara• population.s of th• neatling sipu!lculid 
(Cutler, 1973). 

Tb• epionid polychaet• !· ptnnata, vhich 
-• •"""IMl•a .. 4uirt.a.g t.M . ,,_.., "' ..... c-trol 
and "'dOVft cutttctt .. •it.ea, w..1 alto ~ t». 
doaia.mt •t>tc1e.a collected duriila October la 
the entra.oce cbaa.nel to Winyah lay (lli.ftde et 
al •• 1981). In tbat acudy, it vaa found b. 
fin•r aediaenta of the channel (> 93% lilt aad 
clay) , and in another study of dredge spoil 
di•posal etfecta it appear• to have been 
tranaported to the diaposal tit• via dredged 
aat•rial (Van Dolah et al., 1979). 

~ div•raicy of the .,._,thic cc...initl•• 
" u cc.par-4 a.on.a eite.a and Ma.eon• ua:ing 
aev-eral indict• of cocm.untty atructure 
(Appendix 11). To facilitate thi• coapari~on. 
the average value ol each of the f olloving 
parameter• wt• plotted for ••ch •lte and 

••••on: diversity (H'). •••ana.sa (J'), •PflCl•• 
richn••• (S1l) , nu.her of epeci••• and 
abundance (Ftaure 20). 

Average diver1ity vaa gr'4.tCtt in the 
control •itc and it vat •o•t variable 1-n the 
dt1po .. 1 1ite where valu•• of 1.4 and 5.8 
ver• obtaltl.ed at OSll (vlnter) and osoe 
(1U11111ier). r•apecttvely. VitbJ.n ..ch parttc.ular 
aru, diversity '4118 aener•lly aruter durio• the 
aU11M1r. Diverstcr not9d at the control atte 
during both seasoae wae tillller to the rather 
htah value• reported tn th• Charleston DHDS 
(Van Dolah, et al. , 1983), vhile dtveraity 
noted in the dispoPl and "down current" tltee 
vaa 110r• ty·plcal of alailar ne.arshore 
«evlroa.ent• to. th• Kiddle Atlan.t1c llaht 
(loeiteh , 1972; to..ch et al., 1977) and 
further aorth (Saila et al., 1972) . 

No obvious difference• in evenn••• (J') 
""'"' obaerved ..ong alt••; however, a coatltt•nt 
eeaeonal pattern wa1 detectc:d with averaa• 
value• of J' beina greateat during the t UB111er 
at all ereaa (Figure 20). Like ff', thia index 
va• alto ht,ghly variable a.on& ditpoMl 
•tatlone, a.ad extr-. Y•luea vie.re oburwed •t 
DSOI aod DSll, the .... •t•tloa• utdch 
ahtbited extr._.. R' • a lu••· to tM viot•r, 
0$11 w.1 heavily do.tnated (> 81%) by 
!, dir•ctua (Appendix 7), vhich reduced 1pecie1 
fquttabllity (J' • 0.3) , whereas the four 
doalnant 1peciea in t...ntr collection• at 
osoa co.pri•ed oaly 24l of the total num-b•r 
of individual• at that etation (Append ix t). 

Specie• richn••• (SI) ••• great••t at 
c:ootrol lit••· where lt .. 1'iblted rather urk.ed 
vari•tion. aaoag a.aapl•• (fitur~ 20). Th• 
hlah••t value vas obttl'Ved at CSlO durtna 
vinttr (23.9) , while th-e loveet value occurred 
•t DC03 during t hat ••••on (4.6) . Control 
atati.one allJO differed froa di.eponl and "down 
current" eite• in that v·ifttar ... plea Md 
htaher Sl than tho•• taken durittg •~r • 

Co.ipariton• of ov•rall fau:m:l abuod•c• 
at atatt.one vitbi.n each tit• 1Ddicated that 
d.neltlea were generally hi1.heat at the control 
alt• duting the vinter, vlth • _,,xi•u• of 
3,120 individuala per 0.5 .2 at CSlO (Pigure 
20). The loveat aver•a• denaity wat ob1erved 
at "dovn current" 1t.•tion1, with only 78 
ft1.tfvfflual• par O.S •2 col lected at DC03. 
O..rall faun.al abtimdaoc• "-'• hiahl.J' vart.abl• 
*90Q1 the statiooe. (Ap-peodix 11); bow:ver. no 
atatietically af.aoiftcant ... aooal or tptitial 
patt•n• of total abundance v.re detected 
(P > O.Z). 

The average nU111btr of apectea per 1tation 
va• h-igheat in the control 1ite durtna vinter 
(figure 20), vber• a• a1ny •• 193 apeci•• ~r• 
obtained in S replicate 0.1 •2 ..-;>lee et 
CSlO (Appeodic•• Sand 11). ~fewest 
apeciee ~r• collected at the •dO'W'D current" 
site, vti.re winter coll.c:tione at OCOJ yielded 
only 21 epeci•• in the f tve grab saaple• 
(Appendices 9 and 11). Coi~identally. Ch••• 
were the •am• station• having the hiahoat and 
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lowest overall faunal detn•itics, respectiveiy. 
The difference in mean number of species betveen 
CS ond DC stations was significant during the 
winter period (P < 0. 02), but by SU%!t!ler the 
difference betveen areos v~s no longer significant 
( P > U.11>). 

The r•l•tivoly high numbor of spe-cies , 
faunal density, and diversity of the l>enthi~ 
COllltllunity observed during Vinter at the control 
stations (Figure 20) aay be related to differences 
between s ediments in thAt area and those of the 
dispos•l and "down cur-rent" areas. Qualitative 
observations during the winter sampling period 
indicated the presence of finer aediAents it. 
samples from. all five CO'l'ltrol stations. Sinilar 
sediaents were observed at only one other 
station in the disposal and "down cur-rent" 
sites durins that ae.son. In sumner, hoW4vtr, 
&e.o.S\lrcments of scdim•nt texture indicated r.o 
significant differences in the propo-rtion of 
fin••grained (silt and clay) aedilllents aaona 
control, disposal and "down current" sit es 
(Table 6). During this period, no obvious 
differences vere noted between control stations 
and the others based on sp•ciea richneae , 
diversity and overall abunda.nce (Figure 20). 
It is unlikely that the diatrit>Ytion of these 
finer sediments during the vinter is related 
to previous disposal practices. Naturally 
occu-rring sediment transpor-t ts ex·ten1ive 
throughout the study area (Fiture 2), and the 
ttner sediments in the control s.ite during 
winter were proba.bly a res\llt of such proce••es. 

Normal cluster analysts produced fiv• 
groups of stations with relatively high internal 
similarity (Figure 21). Some season.ality in 
community structure was app•rent from t he 
arrange::ient of entities within the de:adrograza, 
since all but one group consisted prcdomia.ntly 
of collections frocn. one season or the other . 
St•tion groups 2 and 3. for example, were 
COllprised exclusively of summer samples, vhile 
groups ' and S vere pr11114r1ly vinter collectlons. 
Croup 1 vat an equal aixture of S4llples frOlll 
both seasons . 

All s.o.:mpling sites had three stations 
which vere 8811Lpled during both seasO'l'ls (CS02, 
09, 13; DS03, 06, 13; DCOl, 02, 03). Severt. 
of those stat101'ls had v1nter ~d su:msier 
collections located in different station groups 
(Figure 21). The remaining tvo vere control 
stations; CS09 and CSl.3 , indicating -.aller 
seasonal differences in community structure 
~t this site than elsewhere. In feet , group l, 
which vas equally represented by saaplea fron 
both seasons, contained nearly all ot the CS 
samples. vtth the 01.'lly exceptions being CS02 
and CSOS au.aer sai:aples. 

The location of sampling sites belongtns to 
each of the vfnter station groups further 
illustrates the difference between the contr~l 
site and other sites (Figure 22). During this 
season, the control stations were highly 
dissimi l•r to the "down current " and disposal 
stations, vith group 1 being most dissimilar 
to groups' and S (Figure 21). Thie distinccion 
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between sites was no longer apparent in th• 
summer, vhen station groups were either 
broadly distributed throughout the study 
area, or limited to a single station 
(Pigure 2J) . 

The inverse classification produced 
seven species groups which vt!lre diasi.milar 
to one another in teras of their occur-r4mce 
and abundance a.ong station groups (Figure 
24, Table 16) . Nodal diagrams were 
c.onstruct-4 to illustrate the distribution 
of species groups among "fixed" site groups 
(CS , winter and sua111.er; OS , winter and suam.er; 
DC. winter and Sutlfter) in order to elucidate 
possible differences betvee:n these eites 
and/or seasons. 

Species group A contained a large 
number of ubiquitous species that included 
90at of the numerically d01Dinant organiSlll.9 
(Tables l S, 16) . Theae species were highly 
constant at all sites, especially in the 
control area, and contequlttltly showed only 
low fidelity to site groups (Figure 2'>· 
Several species in this group, including 
£· lunulata, Amphiodia pulchella, and 
Metharpinia floridana were restricted to 
tandy sediments in the Ceorgetovn entrance 
channel (Hinde et al •• 1981), although no 
tuch sediment preferences are apparent fro. 
their distribution in the present study. 

Croup 8 cooai•ted lll.4inly of polychaetes , 
ophiuroids and mollusks that were highly 
constant among control s tations during the 
winter. Their constancy at other sites 
was aoderate to very low, and as a result 
this group vas aoderately faithful to the 
control area. Thie vas the only species 
group that was even moderately site-restricted 
(Fig\lre 24). Species in group C showed 
mod•rate to low constancy and low fidelity 
among all site groups . 

Species 1n groups D and E s hoved 
areater similarity to one another than to 
any other gro\lps. and the distribution of 
their coe.ponent species among site groups 
was very aiailer (fiaure 24). These species 
showed seasonal variation in abundance at 
all Sites, with coostancy 1n sl.lllmCr saaples 
being consittently greater than in winter. 
They wer• also more constant at control and 
disposal sites than at "down current" sites, 
although they vere not highly restricted to 
any area (Figure 2'> · 

Croup F contained several of the more 
abundant species, including P. tridentata, 
C. martincensia, P. vittata ind A. gosnoldi 
Ttable lS, 16) . All of these species, excopt 
.!.• gosnoldi, were greatest in abundance at the 
disposal site (Figure 19) , and this ls 
r·eflected in the high constancy of this group 
at th4.t •ite (Figure 24). High constancy vaa 
also observed for thi$ group at the "down 
current" stations during Slllllller. Fidelity 
for this group was low at all sites. 
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Table 16. Specie• group• re•ulti.D.& fro11 inver ae clu•ter •t1A1ly1i• of grab •aal)le•. (Na• Alaph1poda; 
All• AM:idiacea; C• • Cephalochor data; CU • cu.aeu; D • ~capoda; £ • &cb.1.ooderuta; 
I • lsopod•; K • liolluac.aio My • Myaidacea; P • PolycMeta; Si • Sip\lnculida), 

Olltochleta 
K*<l10...atu1 cal iforni.n11a (P) 
N•arttnu 
N_.t oda 
Cra1.sinella lunulata ('H) 
A!phiodia pulch9lla (!) 
ll-ioodua roaeua (P) 
S•bellari a vul garla (P) 

.- P•gur ua Mndar·aont ('D) 
a.te.ai cathlrtnanaia ("11) 
in.Ti dtrectu• (H) 
Polyaord i idae A (p) 
ActinU.ria 
Pelacypod.a 
Klldant dae (P) 
Vtlciola aerrata (Am) 
PO'iitlrr1.1a uiitua (?) 
Auto..ta avar..nni (0) 
tu.iaita aanguLlea ( P) 
Ptnnixa ap. (D) 
Siiijii'ii'na• bomtff er> 
~ptcu 

Efil.!! ap. A (P) 
Clycera dibrancbi.ata (P) 
tricbtbootua braalll~•i• (Ai;.) 

~4f•e•i <P> 
~in a f orid•- (M) 
Ac.ant b&uatoriua aillat {Aa) 
OXYUr oatzlta -1tbT1'5:iT 

CTepidula forntc.s,ta ()t) 
Poda rl• ob1cura (P) 
Ophiur otdea (g) 
Jb.-n,ia ~ (P) 
a-1pbolu• ..ionaata (!) 
Nar•ta 1p. (p) 
~ 1uccin- (P) 
Mot ocir ni• r!!ltf•ru• (P) 
Patrieoia p ladtforai• (H) 
Pei•eypoda J 
Polydor a eaaea (P) 
Cirolana eoit(• (I) 
Clrrat\lltdaa P) 
~ pr ox t-. (H) 
tla..oeu• .!.!':!!.! (Am) 

Croup C 

111arzz annuloitu• ( P) 
!lrania elnat• (P) 
i!jii.ITac• •a&Oru. (Aa) 
Sptophane1 •P· A (P) 
t>t.opat ra cuprea Cr) 
TUrbe.ll1r1a 
Tllarzz -r1001 (P) 
Invarteb"rU.ii 
Pa rwul1c1aa M1ltU1neata (K) 
P11ud1uryt boe ~ (P) 
PT.1ono•p1o faliilc:- (P) 
Sp1o rt.t.11>onu• (P) 
!!:!.!.!.!!. conc•ntr lca (H) 

Croup D 

Anci1troarllt a hllrt-n.ae (P) 
Ctrropboru1 lvr1fora1• (P) 
COn1adtd•• caroltn.ee (P) 
Hya1dop111 b 1gelov 1 (Hy) 
Aaaen.a t r ilobat• (P) 
Tt ron t ropak1• (M) 

Croup E . ' C.ull•rtella k.ill•r1an111 {P) 
Stg-br a !?!!!,!. (p) 
Mtphllr•t • •••rtcana (P) 
Sc:htato.•rt n co• t'1Jdol~h1 {P) 
Prtono1pto c 1rr1faraP) 
Oii.nii fuaUom.1• (P) 
A1pido11pbon albu1 ($1) 
DrUonarata 5 1n• (P) 
Par.on1£• (P 
Laptoc.hela 1er rator b1ta (D) 
Tiron triocell•tu• (All) 
Tracbnenaeu• con,1tricc-u1 (D) 
Par•plonaYll1• •P· A (P) 
1'1'0tay111 a t lantic.a (Hy) 

Cr oup P 

Natica ~ (H) 
rravt.1ta R:!!:!!. (P) 
!lranchto1toas cariba.,,.., (Ce) 
.!:!!!!J!!. guillgu t •1-!!r .tor a t a (!) 
~ d apr1a1u1 (I) 
Eudav1nopu.a hondu.ranu.1 1{M) 
Cl?Cll'I oxyce.phala (P) 
Pleuro--ri• t r id•ntat.a (K) 
Opheli a dent.iculat.a (p) 
!%!!!!. v i t.t.at.a (.u) 
CTaaain;n;-;.rtinicaui• (K) 
A1ptdo1i phon go111oldt (Si) 

Croup C 

tvgl.lon• phtlli .. e (P) 
Hagelona ,!2!!!. (p) 
Par •pr1ono•p1o p1nnata (P) 
Mulini• lat•ralt s {M) 
P-1.cypoda 
Stg..-br a t entaculata (P) 
ao-&nt•lla sp. (tty) 
ao-.n1&1i1 1>ra1i l t en.at .1 {Hy) 
Abr1 • •gua l1a (H) 



fina1ly, &rO\lp C consi•t•d of a nW1ber ot 
·~ci•• vbicb bed 90der•tc coo1tancy .sod lov 
fidelity to all are.aa duritl& the: ...... r; lower 
value• ¥9re con•ietently nottld dur1ng the vinter. 
Nearly half of the apeci•• ln tbJI group tiav. 
been 1hovn to prefer finer sodlments with e 
•itniflcant tilt or clay contt.nt. Hinde et al. 
(1981) fovnd !• plnnata, HullnSa lateralia, 
and Sla•bra tent&cvlata to be ~•t cio..oe in 
..Uy 1ediaeta at Vlnyah l&y, and Kuelou 
phylllue and P. fin.oat• were found in ~r• 
ail ty 1tdi.a.ent9 o nearshore vatert oa tho 
Texas continental thelf (Flint tnd Rabalais, 
1980). 

IA..wlts of the present atloldy auu••t t ... t 
there have ben. no loag-laatina e.ffecta oa the 
benthic infauna! coaaunity in tht ceorgetovt1 
DKDS •• • result ot past di1po1al 4Cti vity. 
Thie c~nity va1 cheracteri&td by large 
ataeon.al and apatia.l vuiabllity in ap.clot 
co.poeitioo and abuodanu. vbtch 1a t:ypical 
for near•hoT• envtr~t• tbf"OU.lbout tb• Sc:uth 
Atlantic Bight: (US EPA, 1982). Several not•
vorthy difference• ~re observed, howe.ve't, 
between the infauna! blot• of tha Ceorgetovc. 
DHDS &l'ld the lAtauoal coamunltit• de1crtbed 
by the US EPA (1992) off Savannah, Cbarleltoo , 
&ad ViJaiagtoo, 

Sediment• in the Savannah, Charleston, and 
Vilaington (SOI) DHDS were characteri%ed 
prialrily ., fine t·O medlWI •and (US EPA, 
1982), while tboM .in the ceoraetovo site wre 
typically Dt'diu. to eoa.rae. la addition. 
greater a\mbe:ra o! apeciet were c.ollectad fro. 
stationa uapled dt.1r1ag tho pr•••t studr tMn 
fro. the SCW-r»a>S. Other atudiee off the South 
C.roline coast , hovever. indicate that the number 
of apecie• obaerved at these Ceoraetovn stations 
uy actually be more typical ot etail.ar nurehore. 
nvirooaeota in the .,ici.olty (Knott et al •• 
1913b; Va.a Dolah et &l. • 1913). Finally. tM 
da.tnanca of the SCW•DHDS by ,..11-l>odied d1po1it
feedera (US !PA. 1982) was not obterved in tti. 
Ceoraetovn diapottl tite, where the five 1101t 
abt.lndant apeci•• wre the suspensiol'l feede'tt 
!. direc:t'US• C. urt.tntceneia, C. de-a, 
£. lUQul•t• Cd !· •ituta. - -

Although a011e of the effect• of drod1ed 
.. tertal disposal, 1uch as inc'tta1ed turbidity , 
uy be transient or locall%ed (Windoia, 1976). 
the 1-ptcts of e...ch • di.-ruptioa vou1d certt1Di7 
be more severe oa. a ••pa.•ioa•feedJ.D.g c.o-.Jty 
tuch ta that found in t.he Geor1etowa ttCDS. &bu 
on • cOllluftity do.iAated by dtpotit feeder•. 
'n\e tff tcts of ditpotal would bt even .ore 
obviout if tho textural cha'tacterittics of 
dis~eed sediment• vere staniticantly different 
fro. the aedi~r .. Andy eMS....ta obt•rv-4 
throuthout thia ttudy area. ?be S..portan.ce o( 
.. tchiQ& the phyatcal characterittic• of ttM: 
dred1ed .. tertal ae clotely as poeelble co the 
subttrata found in the dispotal 1it• , in ordtr 
to •iniatze potential disruption t o t he benthic 
c~nity, haa been previouely acknowled1•d 
(Vindo., 1916; Horton, 1977; US IPA. 1982). 
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Tiaaut Cheaistry 

Factors inll~tnc contaaiaant 
coacentratioa.s ta ur1ne organias i.Dclude 
the ei•• •nd hca.lch •t ch• or1•ntt11t1. ft• 
feeding htbits , and it• phytic•l location 
(i.e. within or above the bottOM aedf.Aenta, 
tn tho water column, etc.) . O.ptndtng 
t.1poo the or1ani .. '• tbllt~y to coocentrat• 
a particular coat.taia.aat. ti••ue levels aay 
differ 1reatly fro. tboM in the 1urrouadi.n1 
environatnt. For example , oyatart ex. .. ined 
ln tht Wendo River nter Cha'tleaton ~ere 
found to have copper concentration• 
> 200 v1/1. whe.rNI copper level.1 ln t .be 
wt•'t wr• be.low the dat&etioa ltait (Kathevt 
et al., 1979). S... tTPical ~l•s of 
trace •ttal concentrttioa.s in edible tissue 
a• •• follows : 4.0-s.o ppm ar••nic tn 
crutt•ctans. 0.1-0.3 ppm cadmium in aollusct 
and cru1t1cu:os, 0.3-0.4 ppe chroatWI 1tl 
bard clw CM!rc.enarta .. rceu.ria and 
oyater1 (Craa.o•tr•• v i.D.tc• • 2.0-J.O 
ppm copper 1tl hllrd clu.a atld 0.()..40.0 ppe 
copper tn oyatera , O.S-0.8 PP9 lead in 
molluec1 and crusttctans , < 0.3 Pl* mercury 
in crutttceant and < 0.1 ppm a1rcur)' to 
aolluecs. 0.2-0.4 ppm nt.c1tel tor crustacean•, 
and 10.0-20.0 ppm aiac 1.n hard claaa (Hall 
et al •• 1978). 

Trace metal concentrat ion• in tiaaue 
samples from. the three site• aaapled during 
this 1tt.ldy vere con1i1tently vithin the 
11-itl de~ribed above. i.ftdtcatii\I no 
wutual acc\mUJ•t too of aetala to org_anial 
froa thia ..all 1eioaraphical area. 
Appendix 12 pr•••nt• data for all ••t•ll 
analysed, while tabl• 3 shove the aax.taa. 
cadmium, chromiWI. nickel . lead and aercury 
were all belov their particul.ar detection 
llait.1 &Del we.11 vithiA the scope of values 
reportff in the svrvey by Kall tt al. (1911). 
Both araeaic and copper fall vitbtn the 
abov• limits, vith value• of 1.67-2.34 µa/1 
and 6.15-9.65 µg/g, r••pectiv•ly. Althouah 
zlAc waa ~hat hl&htr than th• 
conceatratioo• liated above (S0.17-S3.61 ~1/1). 
oyatera c~y eoot&!D aiAc r•ftl.lna fro. 
30<>-400 pp. (Rall et al., 1978). 

No peetictdtt or PCBa were detected in 
any of the tisst.1e .. aples usint detection 
11-lta ot ~ SO ppb. Con•equ•ntly, ve •••._,..• 
the..a• coa~t• are present ia trace 
qu&otitlea oaly. 

R£COMHENl)ATIONS AND SUCC£STED HO~l'?ORINC PLAN 

lb• Ceor1etown DKDS is •n usU1 
acc•••lble arc. !or 90Gitortaa the effect• 
of dr9d1ed ucori.11 diaposal. laaed oa 't•ault1 
obtained from thia •tudy we hav• aeveral 
rccon11tnd•tions rtltted to environment.91 
and biological •••••1111•ot in future monitorin& 
effort•. 

.. 



l) Hydrographic sampling conducted durin& 
the present study provided a satisfactory dat• 
base for a gener~l evaluation of oceanographic 
conditions . Thia saapli.ng effort would not 
have to be expanded in future aasessm4mts. 

2) Saapling for ~race met al• and organic 
pollutants was also sufficient in terms of the 
array of pollutants exaained . However, the 
current detection limits f6r pesticides and 
PCBs auggest·ed by Pequegnat et al. (1981) may 
be coo high for a proper evaluation of 
potentially toxic conditions. McKee and Wolf 
(1963) and Bookhout and Costlow (1976) indicate 
that trace amounts much lover than the -ugge&,Jed 
liait of th••• cOCllpounds ~ 50 ppb) may be 
lethal to certain organis=s. Therefore, we 
recommend lovering detection limits to at 
least 1- 5 ppb for the PCBs aDd pesticides 
tested. Priority should be given to te.sting 
pollutant levels in sedll:ientt and aniDal 
tissue rather tha.n in vater since the hydro
graphic conditions in the study area are to 
variable. 

3) SediAentological analyses in this 
study were limited to ooly one sea.eon, but 
qualitative observations during the other 
season suggested temporal differences in 
sediment composition. Therefore, s.ediAent 
COClposition and grain-aiie analyses should be 
conducted concurrent with every futur• 
biological saapling period for a bettar 
uoderstandiAg of faunal distribution patte.rns. 
Atse•sment of cootamin.ants in sedil:aents 
could be liZDited to the samplil\g period(s) 
immediately following dispotal operations. 
If high levels of pollutants were then •• 
detected, an expanded follow'"'\lp &ampling 
prograa should be condUcted for thoa. 
pollutants. 

4) Review of topographic data available 
for the Ceorgetovn OMI>S area did not reveal 
any obvious mounding from previous dis901al 
activities. To better evaluate potential 
effects of disposal on benthic coallUtlities 
in the DHDS, the Corps of Engineers should 
require dredge operators to provide precise 
Loran-C coordinates for all di•posal 
activitlet. LorJn-C receivers are i nexpen1ive 
and sufficient ly accurate to locate pot·ential 
U10und sites. Additionally, we rec~end• 
that detailed bathynetric profiles be obtaiAed 
for the DMDS area immediately after a 
dispotal period, and then again at reatonable 
intervals for at least one year folloving 
disposal. Thia would pennit placeeent of 
future aonitoring stationt in known diaposal 
areas and help in evaluating dispersal of 
sediments over tinle. 

5) B•s•d on the poor visibility and 
dangerous cur-rent conditions in the study 
area, ~ recoamend deletion of scuba diving 
in any future monitoring efforts. 
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6) The benthic couaunity asseaSlflent in 
the DMDS, control and "down current" areas 
provided sufficient data on present community 
composition , as vell as inforaation on the 
temporal and spatial distribut·ion of 
dominant fauna . Be-cau•e negatlve effects 
of past disposal activities vere not noted 
in this study, future lllOnitoring activities 
in the Ceorget ovn DMDS area should not need 
to be intensive, unless (1) a significantly 
larger imount of sedim¢ttt is d1tposed in t he 
area or (2) st:diacants are disposed in the 
DKDS which are significant ly different from 
those naturally present. Disposal of larger 
sediment velum.es and/or disposal of finer 
s.edimentt from Wtnyah Bay, especially from 
around Georgetown Barbor, could pottibly have 
nore severe and long-term effects on the 
benthic infauna in and near the OMDS. These 
effects would cost likely be due to direct 
burial, changes 1n aedi.cent coaposition aad 
increased turbidity (Morton, 1977) . Thus, 
intensive biological monitoring would be 
needed for impact assessment. 

7) Any future monitoring program should 
consider seasonal e!fects on beothic coaaunity 
composition. It poseible, priority should 
be given to summer ond winter periods for 
best comparisons with data obtained froa this 
study. lnfaunal ass~blages represent the 
UIOSt lllportant biological cooponent for 
assessment of 1.Dpacts fro. disposal. 
Epifaunal assemblages are also lmportant, 
particularly for collection ot large an!Aals 
for titsue analysis, but asaettment of iDpactt 
on thi.a group is -ore difficult, •inc• most 
epifaunal species are relatively DOtile. 

As coted previously, intot'1Dat1on obtained 
in this study i nd ic.atet that past disposal 
practice• in t he Caorgatovn DKDS have not 
r esulted in detect.able negative 1.m~cts to 
resources and biota in and near the existing 
di•posal site. Therefore, use of this area 
for dispotal of outer-channel t ediAentt 
(similar volumes) can be conti nued, although 
consideration should be given to avoiding 
aeasona critic.al to the sturgeon and shrimp 
fisheries. Alternatively. the site could be 
relocated further offshore to avoid seasonal 
reatr-ictiont related to thete fisheries . . The 
pre1ent location of the DHDS aay not be 
suitable if finer sediaents vere disposed in 
the area, due to the strong tidal currents 
present and the loc~tion of the DMDS relative 
to shrimp and sturgeon fisheries and turtle 
neating grounds. Our present information base 
i .s insufficient to predict the effects of 
offshore ditpotal of fine sediments on these 
resources or on benthic cQlnunities. 

·~ 



Summary and Concluslons 
1. Th• Ceorgetovn Oce•u'l Dr·•d&ed Hateri•l 
Ol1po11l Site ""' assesaed to provide ba1eltne 
lnfol"llltion on present couditlont r•l•ttd to 
the' hydrography, botto. 1edi..tnt1 and bentt.ic 
comaunltle1. Nearby area• to tM north and 
.outh, •• veil a.s in tlM ~tr1nce channel ro 
Ceoraetow. Karbor. wre ale.o ••••11.-d for 
c.,ai-1.oa vith coodltloaa fO\afld iD ct.. DHDS. 

l. A auney of olstlog tAforaatioe related 
to livltt& a.ad ooa-lf.•ia.& ra90\l.rce1 ln the 
re1ton 1rovnd Winyah Bay generally aupparted 
conclu1ion• and conditions de1crlbed by the 
US !.PA (1982) for tbe S1v1nnah, Ctwrleeton 
and Wllai.ngton a.ms. Speclfle r1tource1 
which •ight be •ffecced by dlapoaal ln the 
Geor11towt1. DHDS include the 1hrtmp and 
Atlantic aturgeon fl1herle1, and loaaerhead 
turtle• (netting), The 1turaeon fishery 
11 the .oat localised of the11 three retources, 
and Vlnyah S.y 1s the •it• of the bl.U••t 
fUMry for thi• specie• lA the SN talaod 
r· .. loo. Other livto.g aod ooo-llvios re.soutc•• 
lA the •tud7 area vill pTobably oot be aff«c'ted 
)y cli•po .. l of predom_iAaotl)' .. Ddy •-41.eftt• 
fr09 the outer r~hu or the Vi.cyah lay 
.atrance channel. DUpo•al of finer •edlAmt• 
fr09 C.orsetowa Harbor or other ar••• · hovfver, 
voulcl po••ibly have more detriaental effects 
on the •urrovndit!.g r••ourc•• due to increased 
turbiditi•• and change• in tediment compo•!ticm . 
Sufficient etudiea have not been conducted in 
thi• region to fully evaluate th• con•equet.c•• 
of fine-eedtaent diep0 ... 1 in offthor• •and 
bOttOll areas. 

3. S.-,lina 141 coaducted at five alt•• U the 
DKDS, five •it•• IA a coo.trot are.a aorth of tbe 
ll(DS, three "dov:l curTertt" •it•• 110Utb of the 
CIHDS. aod two channel sit••· 1be 1u•M:r of 
...,pl•• varied at each sit•. but hydroarapbic, 
sMhl•nt aod berlt'hic grab and tra1i1l ... ple• 
were collected at most station• during suaae_r 
and vint•r sea.eons. 

4. St.andard hydrographic factor•. which tr.el uded 
t•p•rature, sa.littlty, distolved oxyaeo an!! 
turbidity "9r• vith.in the liait• no't9&.lly 
encountered aloo& the South Carolio• co.•t , 
5099 l<t&aoa.a.l a.ad spatial dUferencet vere 
dl.c•rned for each factor. l\iSh rvooff vta 
Vlnyah a.y resulted in reduced Nliaiti•• uid 
lftiere.Hd ~rb:lditle• at .-. •it••· Moderately 
h1&h turbidities in a..uau .. , hav• bee the 
r11ult of freque:at ahriap travliAS ta the: uu. 
CurTent• 1n the DHDS appear to b• largely tidal, 
although •011• cvide:ace of a IO\ltherly o.a:r•hOre 
current was noted. Trace cont .. tntntt in 
Wlttr samples vere vithin or belov range• aot-4 
in other areas of the South Atlantic Bight. 
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Many trace metals were below detection limits , •• 
vere PCB• and ell peaticid•• teated. 

'· Sedlaent aaslyaes indicated that bottoa 
••d:Laent• ac aost or the a.aaplins tit•• 
contlsted of cedi\lll co coar•• s1nd• vtth 
very little (< 1%) ailt snd clay . Station• 
to th• 1outh of the DHDS had con1istontly 
finer-grained sedtm.enta than thO•• in the 
DtG>S end control ere••· but no 1tatlatlcally 
1i1ntfica.nt dt!ferencc• -~• l\Uted ..on,g •ic•• · 
SMl.mtttl ver• lov in trace Mt•l and orguic 
cont•iAaot cooc:entraci.qQ•. co-,.rtton• 
vith other studies indicated tbtt pdtatnts 
1D and ne-ar the Georgetown tlHDS canflOt be 
conaSde:rcd polluted. 8'o hl.Td bott09 •re.as 
wr• found in the etatlr• at~Y er ... 

6. lcnthic epifeuna and ti1he1 captured in 
bee• tTavl collection• w•r• typical of those 
from •and bottOm habitat of South Carollnf. 
coatt•l water• - Comrwn.lty ttructur• va• 
influenced by &84ton, aftd th• number of species 
vat ai1niftca.ntly h!ih•r in 1umatT. Specie• 
a11embla1•• differed noticeably b•t~•n 
vint•r and summer, vith sev•:ral tpecitl 
oc:cur'l'ing duri~ oo.ly on• teason. Although 
tM to"C.a.l n•ber of ap«:i•• w• loveat lo cM 
di•po .. 1 aru, co-part..on of 1.,.cl•• c_,oaitioa 
-.ona the •ite• lndlc..ated th.at loveT diHnity 
re9Ulted (roa fewer aeulle 1p.ci•a, aat.nly 
bryoa.a.n• a-ad caidari&a•· ltd• tuU••t.• that 
l••• hard substrate \Ma availabl• foT 
coloala•tloa by sesail• oriani-• 1.D portion• 
of th• dl•poaal are.a, tlthOuah l••••r amounts 
of hard substrate (i.e. wood, •hell) in the 
DHDS were probably not relatM to ~It disp0sal 
activlttea. Tiesu• analy•l• of vhellr.a (Buarcon 
carte•) collected in •nd nesr th• OKDS did not 
reveal •ny h!gh eoncentr•tions of cont,.in.ants. 

7. The Wa\l.na collected 1o arab ...,1 •• at 
the 13 offshore statioo.t wr• oUMrlc.ally 
d•iaated by pelecypod1, polycbaec••· ampb.ipoda 
end bryoaoaus. Polychaet•t vtr• the aiott 
diver" tuoa. Of the )'7 aj>e.ciet coll.cted, 
.. ftJ' were rare or liatted 1o thelr dlatributioa. 
Th• doalftant s-pecies, bovsv•r, vere general.ly 
ublquitou• thro'*lbout th• •tudJ' ar•• and 
exhibited con•idarabl• te.poral and a9atial 
variation. No significant differences could 
b• attributed to past di•po.-1 activities vith 
re1p•ct to species co.po•ltion or faunal densit y 
amon.g the control , di•po•-al tnd "dovn current" 
ait••· Unllk& the depo1it•faadtn1 c08Dunit1es 
previously described for th• SGV-DMDS, the 
C.oraetown DHDS and vicinity wr• charactertsff 
~r • -...aofUlll.r variable. dlvarta COl!mNDity of 
.-u1peosiOG-feed1Ag oqao.i_.. ,__.r lul 
c la11lfi«tioa of the Uta Uluatrated s-. 
differeace.a t.D slail.erity betve ... •tatiocs in 
the control site verw• tbo .. ill th• disposal 
and "down current" arue, particularly durtn1 
vtnta:r. These differeucaa probably were not 
related to prevtou.s dispo .. l ptactlcea. lather, 
they v•r• .ost lik.ely dua to n•tural variability 
in ltdlaent coeposltlot1. Clutter ansly•is alto 
indicated that most of the abundant tnd 
frequently occurring •p•cl•• were 1i1tdely 
di1tribuced throu.g.hout th• 1tudy area. 



I. lec:~d.atf.oa• for futur• aonltorl.as at the 
C..,r1etovn El«IS include lovertas the detection 
11-f.te required for or1antc cont .. inanta, de.leting 
dlv•r obeervationa, incr•••tn1 ••dt..entologtcal 
and bath~tric survey•, and increatlna the 
intentlty a od s.cope of ••••1 .. enta if increased 
volume• or flne-ar oined eedf.aent1 are deposited 
in the OHOS. Tha praeont location of the 
C.oraetown DHDS appear• to ba ••tl1f1ctory for 
COOt1nued d1•posal of OUL•t-..1 .. uu11l •*'1la411L•. 

9. AA altem.attve di1poaal Itta located £art.her 
offabora would reduce poteotlal locall&cd tap.act• 
on th• ehrtap Mid at\1C'leon ff.1hec-f.aa. A.lcb>ugb 
no evtdnce vaa found vbtch indic.aced that ?a•t 
(lt..1ted) dtsposa.1 1n the DKDS hat had a 
atantficant im.pact oa th••• ft1heriea, diap;t .. l 
of finar·-arained sed1aent1 1n th• preaent DHl>S 
•1aht have greater affecta. 

Lite rature Cited 
Al.le, O.H., S.!. Stancyk, and V.K. JUcMner, eda. 

1982. Ecology of Vf.n7ah lay, s.c::. &Del 
poteottal f.Apacts of •er11 4..,.lopmeat. 
VoJv. 0£ s.c::., Baruch lnatit\1te, Special 
Pu\llc.atf..oa No. 82-1, 27, p. 

&o.ach, o.r. 1972. SP-9Cf.•• div1c-att7 of 
Mrine ~robeathol in the Virginia are.a. 
C'he1apeake Science 13: 206-211. 

8oe1ch, D.F . 1977. Application of n..,..rf.c•l 
cla111!1catlon f.n ecoloatcal invtatlgatione 
of water p0llutf.on. CorvallJ•1 01: U.S. 
!nviroNMntal Prot·•Ction AJ•ncy, Office 
of leaearch md Devalo.-.nt, ltpt, No. 
EPA-600/3-77--033 . 114 p. 

look.bout., C.C. atad J.D. Co•tlov. 1976. 
Ufect• of atrex, .ethox)"eblor, &ad 
aal.atb-ioui oa devaloe-tnt of crabe. 
Prepared by- Duke t1clivaralt7 Marine 
Laboratory for tr.S. r.nvtromitntal Proce<:
tioa A.gmcy. Report No. IPA-600/3-76-007. 

Botchung, H.V. and C. Cunt•c-. 1962. 
Di•trlbutioa and variation of lranchioatom.a 
ctritt.eum in Mitti••lppi Sound. Tulane 
Studt•• tn Zoology 9: 245-257. 

Bothner, H.H., P.J. Aruacava.a•. W.K. FerTe~. 
and P.A. Baedieckec-. 1930. Trace Mt.al 
COt'l(:.atrattocs Jn Ndlaent core• froa tte 
COatt.nnta.J. SMJ..f oft the SOUt.bU..atem 
Ua.tt..S States. !.atuarf.A• and Coe.•tal 
Hac-f.tte Scietie:e 10: '2l·S41. 

Bureau of Land Ka.nag..._nt. 1911. F!Aal 
envirot111.encal tapact state.eat, proposed 
1981 Out.er Continental Shelf 011 and Caa 
lAaa• Sala 56. U.S. Department of the Iaterf.or. 
Nev Orleant , u.. 

Chen, K.Y., S.K. Gupta, A.Z. Sycip, and J.c.s. Lu 
et al. 1976. Research 1tudy on th• affect 
of diape--r.sion. Httltns and re1edia«ntation 
on af$rat1on of ch•ical coaatituentt duri.as 
open vater disposal of dred&l'd .. terials. 
U.S. A.n.y Vatervaya 2x'perf.Mntal 
St1tloa, Tech. lept. DS 76-1, 221 p. 

60 

Cheater, I. and J .H. Stoaar. 1914. Tbe 
di•trf.butlon of ainc, nickel, .. nsanese. 
cldmi1.11, copper, and iron f.n eo.e surface 
v•t•r• fr0at the vorld ocean. Marin• 
Ch .. tatry 2: 17-32. 

Churgln, J. and S.J . Halatnek1. 19/4. 
Tenperature, salinity, oxyaen, and 
phoaph.ate in waters oft United Stetaa. 
VOllil9• I. Veet•Tn North Atl•Atic. U.3. 
Deptirtaenc of C.O....erce, National Oceanic 
end Ac.t>apherlc Adainlatc-atlon, Eavll'OCl8ental 
O.ta Suvice. 

Clifford. H.T. and V. Stapbe1ll00. lt7S. ~ 
lft~rod:uctf.on to nuaerf.c.al cl•••lftcat loa . 
New Tork, NY: Acadeaic PT•••· 

Cory, R.L. •nd E.L. Pierce. 1967. Distribution 
•nd ecology of lancelete (Ordtc- Aaphtox:t) 
over the continental 1helf of the 1outheaatern 
United States. Ltaoology and Oc•anoaraphy 
12: 650-656. 

Cutl•r, B.I. 1973. Sf.puncullda of the ve.atern 
North Atla.ntic. Bulletin of the Aaeric.n 
Hu..aeua of Macural History lSl:l0)-204 . 

O.v'f.1, J.S., M.D. Hc.ln.sie, J.V. KtalareM, 
et ..i .• eds. 1980. r.coloaical char•cterlla
ctoo of tH Sa. I1.la.od coa•til r .. 1oo of 
Sovth C::.roll.na atld Ceorcia. le110Urce 
Atlae. U.S. ~1•h and VlldlJft Service, 
Office of Biological Strvlcaa, Va•hin&too, 
D.C. FllS/OBS-79/40. S6 p. 

Day, J.H., J .C. Field, and H.P. Montaomery. 1971. 
Th• use of nUDerical mathoda to determine the 
dittributf.on of the benthlc fauna acroaa the 
continental shelf of North C.roltna. Journtl 
of Aniaa.l Ecology 40: 93-llS. 

federal le111cer Vol. 44, Jlo. 223, p. 69S68. 1979. 

Pedec-al letiater Vol. 44, lo. 244 , p. 7S028. 1979. 

Pline, l.V. and 5.N. Rabala.i1. 1910. 
eeology ~ niche patt•n1•: Texas 
ah.if. Kll.rtne Ecology - Proar••• 
):193-202. 

Polychaete 
cooc tnent.al 
Striu 

Polk, R.L. 1965. Petrology of •tdillentary rocks. 
lltmphf.11 Publ. Co., Austin, To. 64 p. 

P'ran~bera. D. and A.$. Leiper, 1977. s .. .aoal 
cycle• in be:ntbic c01111UDiti•• of the 
C.Or&U c.ontiile:atal 1hel.f. lft l.C::. COull, 
td., lcolOJY of KariDe Baathoa. Uoiv. 
of s.c::. Preas. pp. 313-197. 

..11, I.A •• 1.C. Zook. arid C.H. He.abuna. 1971. 
ltltl.ooa.l Ka.r~e Fl•herie1 Serwice au:rvty
of trace elmenta in tht rtahery reaource. 
Hatlooal Ocunic aod Aa.oapbtr1c Ada.tn.1•
tratioa Tech. Rep. NMPS SSRP-721. 313 p. 

Hamond, D. L . and D.H. Cupk.e.. 1978. An 
econo.ic and biologic.el avaluetlon or 
the South Carolina pf.er flehery. South 
Carolina Karine Reeourc•• Center 
Techntcal lle9orc ?luaber 20. 14 p. 

I 



KarTi90ft. V., M.P. Lynch, aad A.C. Altscha«ff. 
1964. Sediaentl of lover Cheupuke lay, 
vttb -.he.•i• oo N•• properties. Jo•,.~l 
of Sedlaent•ry Petrology 'l4(4):727-7SS. 

Karry, H.W. 1966. Studies on bivalve tDOl:uscs 
of the 1enu1 Craa•il'lella in the ?lorth-• 
ue1tern Cult or nextco: •n•~v.y, •~ulv¥Y• 

61 

and •Y•t ... tics. Tuas tmiveraity Pu')lication 
ln1titute !Urine Science 11: 6S-89. 

Henry, v.c., Jr. and R.T. Cile~ . 1979. 
Di1tribution end occurrence of reef• •nd 
hardaround• in the Georgie Bight . in: S4uth 
Atlantic Outer Continental Shelf C.Ologic1l 
Studiet , Ftacal Ye.tr 1976: Ceology. USCS 
Pin1l leport prepared £or Bureau of Llnd 
Kanaa .. ent, V11hington, D.C. pp. 324-)81. 

Kt.nd•, P.K., C.A. Wenner. J. Saith, and D.l. 
Calder. 1981. &mt.hie &tld c.ektooic •tudie• 
of Winya~ a.y for the proposed chatlne: 
d•epea.taa project e1d dred.g.tag of tba 
vette:ro chiaooel turaiq: but.a . U.S. usy 
Corps of f:a$1.aeer• Coatract lleport 
IOACW60-IO-.C..0029, 141 p. 

lllMH, H.D. 
fithet 
coatt. 

1973. A travl atudy of o-.ra11ore 
atld invertebratea of tbe C.Ora~ 
Cootrib. Karin• Science 17:63·98. 

flolae1, C.W. , !.A. Slade, .uad C.J. McLerraa. 
1974, Hiar•tion en.d redistribution of 
iinc and c1dlDium ln aarlne estuarine •Y•t ... 
Environa•ntal Science and Tecbnoloay 8: 
25S-H9. 

Hopkins, $.l. tnd T. H. Murphy. 1981. 
R•productlv• ecolOJY of caretta caretta 
in South CaroliM. s.c. Vildl.ife and 
Hlrine lesourc•• Dept. Divitioa of 
Wildlife and Fr••hvater f'iaherle1. Project 
No. 1-1, Study Ho. VI-Al . 96 p. 

John.on, F.A. 1970. A recoanai.Ssatlce of chi 
Via71h a.y ••tuariAc zone, South C&rollA&. 
U.S. C.Oloalc•l Survey, Water le•ou:rcu 
Dtvlaton 1D coopuatioo "1th S.C. Vatw 
lf!IO\lrc•• e:-.ta•ioo. 36 p. 

Jon••· laW'ld• and As10ct.ate1. Ioc. 19791. 
heult• of btoa1uy evalu.atioa of Ch&1le1ton 
Harbor 1edS..ntt Cl-C13. Final. repo'Ct to: 
Dept. of Ar9y, Che.rl•tton District Corp• of 
Enatn1er1. 84 p. 

Jon11 , Ed•un41 end AtlOC11tes , Inc. 197,b. &e1ult1 
o( bio1e11y •valuation of Cht.rle1ton M1rbor 
1odlJnt-nt1 C14-Cl 7. Final report to: Dept. 
of Aray, Che.rle1t.on District Corp• of 
En.atneer1. 84 p. 

Jones, P!daund1 and A11ociate1, Inc. 1979c. le1ult1 
of bt.otlNY evaluation frOll C.Ora:etovn Klrbor 
cha.Mel. Fiul report to: Dept. of Any, 
Charlettoo Dl•trict Corpt of £Dgifteer1. l3 p. 

le1Mr, I.I.. 1977. The t.ncidettul e1tch froa 
c~rct.l 1hrlap travler1 of the Soutb 
Atla.ntlc 1uite1. StNth Ca.roliu.a Haritll: 
btources Center Tecbtdcal R.eport ~ber 
26. l8 p. 

l.AOtt. D.H .• D.R. C.lder, and l.f. Vao Doleh. 
198Ja. MacrobeothOI of aattdy Mach aftd 
t1.urshore envir~t• 1r: Murrell• tnl•t • 
South CaroliAa, U.S.A. Z.tu.1riae, Co.ital 
.net Shel£ Scteace 16:S73-S90. 

XtlOtt, D.M., &.F. Vin Dolah , and D.R. Calder. 
1'8)~. &:ologi~•l •ff-.c'• of ..,.\\la ""'~ 
jetty conttruct1oa It l'Nrrelll lnl•t, 
South Carolina. Vol. II: Ch.Ing•• ln 
macrobenthic collll\lnitie• of sandy betch 
end nt«rshore environment•. Pr1p1red for 
Dept. of the Army. Coe1tal Eoaint•riaa 
Reseerch Center . 93 p. 

Lance, C.N. and W.T. w1111 .. 1. 1967. A 1en1ral 
theory of clas1ificatory 1orttna 1tr1tt&l•1. 
t. Hier1rchic.al tyttem1. Co.put. J. 9:373-380. 

Lelcd, J.C. 1968. A nrvey of 
f11hery of Sou.th C.rollu.a. 
Laboratories No. 47. 27 p. 

the •turaeoo 
...re lluff 

~e, D.J. and B.C. Coull. 1977. Coapot itiou 
and s-..soaa.l.ity of zoopluktoa of l&orth 
la.let, South C.rol.tna. Cbeta,.aM Sctnc• 
1•(3): 272-.283. 

Maraalef, D.R. 1958. tnfons.ation theory lo 
ecology. Cen. Syst. 3:36-71. 

Katheu1, T.D. and 0 . Pashuk. 1977 . A d•tcrlptton 
of oc•anogr•phic coaditiona off the eouth• 
ea1tern United Stat·el duriftg 1973. South 
Carolina Marine Re1ourcea Center Ttchnicel 
Report N1.mber 19. IOS p. 

Kathtiwa , T.D. and O. Pashuk. 1982. A deecription 
of oc.ano,r1phlc cot1dition1 of th• .c>uth· 
e.ttern United States during 1974. South 
Caroltn. Marine tesourcea C.nter TechDical 
Report Nt.abgr }O. ll4 p. 

Kathevt, T.D. and 0. Pa1huk. 1"84. Shelf 
respocee to the cold virltera of 1977 and 
1978 iD the South Atlafttlc 1.t.&ht (S.U) • . 
Litor•lia: (in pr .. 1). 

Katb«vs, T.D. and tc.B. Shealy , J r . 1978. 
Kydrograpby of South C.roliDa •1tu.1rltt, 
vtth npha1.is oa. the Korth ud South Uiato 
and COoper Rlver1. South C.roltM Hatt.a• 
ltsource1 Ceater Technical Report N'\mMr 30. 142 p. 

Katheut, T.D., H.B. Sbe.ly, Jr. , and H. CU..ina•· 
1981. Hydrography of South C.roltn.1 t1tuar1e1, 
wttb cmpri.•1.• an che Hut>Lh au•l S<l\lth O•n'•• 
end Charleston H•rbor - Cooper River eatuar1••· 
South Carolin• Htrine Re.ourc•• Cent•r 
Technical Report NUllber 47. 128 p. 

Klthev•, T.D. and H.H. Shealy , Jr. 1982. A 
de1crtprion of t he s.alinity rest..• of 
.. jor South C&rolina e1tuarie1. South 
C.rolina Marine ttes.ou:rcea Center Technical 
lteport NU1tbcr SO. 114 p. 

Klithcv9, T.D., F.V. Stapor. Jr., c.a. 1.lcht•r. 
et al •• ed•. 1980. tcolotlc.al characterl.a•· 
tton of the' Sea Island coast-al rq:ioft of 
SOuth CaroliM aod Georgia. Vol. l: Pbyaical. 
t .. tvre1 of tbe cbar1ctertz1tioa •r••· U.S. 
Pith and Wildlife Service, Offlc• of 
lloloatcal Services, Va•hinatoa, O.C. 
FVS/OIS-79/•0. 212 p. 



Kc:Kee. J .E. 4nd H.W. Wolf. 1963. Water 
Quality Criteria . Prepared by 
C•lifornta Inst. ot Technology for 
St.ate Water Resources Ceontrol So•rd, 
Sacraaento, CA. Rept. No. S\IRCB-1. 

McKenzie, M.D. , J.V. Higlarese, 8.S. 
Ander•on. and L.A. Barclay, eds. 
1980. Ecological characterization 
ot the Sea tsland Cua~~•l r~g1uu u( 
South C..rolina and Georgia. Vol. II: 
Socioeconomic teAtures of the 
characterization area. U.S . Fi•h 
and Wildlife service, Office of 
Biological Services, Washington, D.C. 
FWS/OBS·-79/41. 321 p. 

Hiller, C.C. •nd W.J. Richards. 1980. 
Reef fi•h habitat, taunal asseablages 
and factors detera.ining distribution 
in the South Atlantic Bight . Proc. 
Gulf and Garibbean Fisheries Institutt 
32: 114-130. 

Minerals Management Service. 1983. Final 
envir011lletital tap.act statement. 
Proposed 1983 Outer Continental Shelf 
011 and Cae Lease Slae, offshore the 
South-Atlantic states, OCS Sale No. 
78. U.S. Department of the Interior. 
N'av Orleans, LA. 

Moore, C.J., ed. 1980. A recreation.al 
guide to oyat.ering. clum!.ag. shrtmpio.g 
and crabbing i n South carolina. 
Recreational Fisheries, Office of . 
Conservation, Han.age111ent and 
Marketing, s.c. Wildlife and ~.rine 

Resources Ocpare..nt . 60 p. 

Horton, J , V, 1977. Ecological effects of 
dredging and dredae apoil di.sposa.l: 
A literature revi cv. Technical Paper 
~o. 94. U.S. Fish 4nd Wildlife Service. 
33 • · 

Hyatt, o.o. 1978. The angler's guide to 
South Carolina artificial reefs, 
South Carolina Marine Resources 
Oeparc.ent. Office of Conservation 
and Ka.nageeent. Educational Report 
Number 9. 31 p . 

Parker, R.O., Jr . , R.8. Stone. end C.C. Buchanan. 
1979. Artificial reefs off Murrella 
['rt.let, South Carolina. Marine Fisheries 
aeviev 41: 12-23. 

Pequenat, W.£., L.H. Pequegnat, S.M. J41mes1 

~.A. Kennedy, R.R. fay, and A.D. 
Fredericka. 1981. Procedural guide 
for deaign.e.tion surveya of ocean dredged 
Nteri•l diapos•l sites. Fina.l report 
prepared by TerEco Corp. for U.S. A~y 
Engineer Vaterwaya experiment Station, 
Technical Report EL-81-1. 268 p. 

Pielou, E.C. 197S. Ecological Diveristy. 
Nev York: John Wiley and sons. 

Pilkey, O.H., F. Keer, •nd s. Keer. 1979. 
Surficial sediments of the U.S. Atlantic 
Southeastern United States contin~tal 
shelf. pp. 138 .. 181. In: South Atlantie 

62 

Outer Continental Shelf Ceological 
Studies Fiscal Year 1976: Ceology. 

Plough, H.H. 1978. Sea squirts of the Atlantic 
continental shelf from Karine to Texas. 
John Hopkins Univ. Press. 118 p . 

Purvis, J .C. and H. Landers . 1973. South carolina 
hurricanes or a descriptive listing of 
~ropLcal cyclones choc hove atfccccd Souch 
Carolin.a . s.c. Disaster Prepar~ness 
Agency, Columbia. S2 p. 

Riley, J .P. and 0. Taylor. 1972. The concentra
tions of cadmiU:ll, copper, iron, mangane•e. 
molybdenum, nickel, vanadium and zinc i n 
port of the tropic4l north-east Atlantic 
Ocean. Deep-Se.:t Research 19: 307-317. 

Saila, S.8., S. D. Pratt, and T.T. Polgar. 1972. 
Dredge spoil disposal in Rhode Island Sound. 
University of Rhode Island Marine Technical 
Report Number 2. 48 p. 

Sandifer. P.A., J .V . Miglarese, D.R. C.lder, 
et al. 1980. Ecological characterization 
of the Sea Island coast.al region ot South 
C.rolina and Georgia . Vol. Ill: Biological 
features of the cbaracteri%•tion area. 
U.S. Fish and Vildlife Service. Office of 
Bioloaic•l Services, Washinaton, o.c . 
FVS/OBS-79/42. 620 p. 

Science Applications, Inc. 1981.a. South Atlantic 
OCS Physical Oceanography . Final progrest 
report . Volwae II: Techn.tcal Report. Prepared 
for Bureau of Land Managni.e:nt. 3Sli p. 

Science Applications, Inc. 198lb. South Atlantic 
OCS Physical Oc~nography. Final progress 
report. Volume Ill: Data Products , Parts l 
and 2. Prepared for Bureau of Land 
X.n.agcment. 378 p. and 24.8 p. 

Science Applications, Inc. 198Ja. South Atlantic 
OCS Phyaic•l Oce•nography. Final progres• 
report. Volume I: &xecutive $UIDIDf;ry. Prep41:red 
for Minerals "-nagem~t Service. 10 p. 

Science Applications, Inc. in3b. South Atlantic 
OCS Physical Ocunog·raphy. Final progress 
report. Volume II: Technical Report. Prepared 
for Minerals Management Service. 300 p . 

Shealy. K.H. 1974. Bottom trawl data from South 
c.arolina Estuarine Survey c ruit.es 1973. 
South Carolina Marine Resources Research 
Institute Data Report Number 1. 113 p. 

Siegel, S. 19S6. Nonparametric statis t ics for 
the tM!havioral sciences . Ney York: McCraw
Hill. 312 p. 

S.ith, T.I.J., D.E. Karchette, and R.A. Salley. 
1982. Lite history, ecology, culture and 
aan.agement ot the Atlantic sturgeon, Acipenser 
oxyrhynchus oxyrhynchus Mitchell, in South 
carolin.a. South carolina Wildlife and Marine 
Resources Depepartment Final Technical Report . 
U.S. Fish and Wildlife Service Project No. 
AFS-9. JS p. 

Saith, T.I.J. , D.E . H.arc~tte, and C.F. Ulrich. 1984. 
The Atl~ntic sturgeon fishery in South Carolina. 
Nor th American Journa l of Fisheries Hanagement 
4 :164-176. 



Solc.al. a.a. and F.J. tohll . 1982. 110..t-ry. 
San fr•oci.co. CA: W.H. Freeman Co. 776 p. 

South C.rolin• Wildlife and Holrine Re1ource1 
Dept. 1979. Benthic and sedt.entologi: 
etudiea on tM Cherlestoo S.rbor oc.un 
di•poN.1 arN. U\lrleston a.nor 
deep.nlQ& project. leport to the 
U.S. Anry Corp•. of tng.ifture. 
Charle1ton Di•tr-tct. 193 p. 

South C.rolin.a Wildlife and Marine Re1ourcet 
Dept. 1982. South Atlantic OCS Area 
t.ivlo& Karine lellOVn:•• Study• Y .. r 11. 
Vol. 11: Aft 1.a.e•tl&-•tloo of live-bottom 
hebit.ate off 50\ath C.roliu ad C.Orgb.. 
aept. to Kineral1 tU.D.1g...-nt Service 
under contr•ct A.A.S'l-etl-18. 189 p. 

St•por, F.W. end k.S. Murali. 1978. Computer 
.odelio.g of littoral aaJ'ld tra.n•port 
(ehor•-par.Ual) for couta.l South 
C.rolJ.o.a. Soutb C.rolic.a Karin• ... HU.t'Ces 
Center T.chniul leport Mt.bar 
29. 9 p. 

Thailina, D. 1983. Unpubli1hed data. South 
Carolina Wildlife end Marine Reeourcaa, 
Pi1he.rie..s statittiC• eection. 

1beroux. 1.1. and l.L. Wtal•Y· 1983. Oietri
bution aad •l>uftd•c• of East Coaat b1"1va 
1DOllu1c1 ba.sed on •pact.ens in the Hatton.al 
Karine Pi•heriee Service. Woode Hole 
Collection. NOAA Tech. Rapt, NMPS SSRF-768. 
172 p. 

U.S. Anty Corps of Encineare. 197,. Coopu 
l.iver redivareioti project. Charle•toa 
Harbor, Sovth C.rolto.a. F1u.l lnYiroaH:ftta.l 
Stattm«nt. U.S. Ar11y Eagitleer Diatrict, 
Charleeton . 201 p. 

U.S. EavlrOIDMllt.a.l Pt1otaction Agency. 1982. 
Draft tnvirOmMatal 1-pact Sc.ta.eat f)r 
hva.nnah* c.A. • Charleet.00, S.C •• and 
WllaiAgton. 11'.C. OCU:ft dredged Mtttl.al 
ditpoMl sit•• deeigo.atton. tnvtroaar.1t•l 
Protection Agency. Crtter-ta and Standards 
Oivtaion. wa.1hlngton , o.c. 

U.S. C.Oloatcal survey Office of Marltle C..olop. 
1979. SOuthe.e•t Atl.antic ocs a~loaical 
sc:-udte1. Final r•port F.T. 1976. B..areau 
of La.ad ~1 ... nt. Vaah., D.C. 

Van Dolah0 R.F., D.R. C.lder, and D.H. Knott. 
1983. Attetsmenc of benthic aacrof1una 1tl 
•n ocean dtapoaal atN near Charltaton, 
SO\lth C.roltaa. S.C. Karine Retourc•• 
C.Otar TecbDica.l ltport ~ S6. 97 p. 

Van Dolah0 l.F •• D.a. Calder, 0.K. lnott 0 ~ 

H.S. He.clin. 1979. !ttecta of dredaittg 
and unconfined di1poeal of dredged -.terlal 
on ••crobenthic cocmuniti·es in Stwt-t l.ly, 
S.C. SOUth Ceroli~ Karine Retourcee Center 
Technical l.eport H1.abe.r 39. S4 p. 

Yan --.. v.c. 194,. The Korth ud South 
AIM'rican ascidlan1. lulletin of the Aaerican 
Huse1.n of Natural Hittory 84:1-476. 

63 

Wefttltt, C.A., C.A. Baren• et al. 1990. le.W.ta 
of HA.IMAP otter trawl investigation• lo 
tht South Atlantic &i&ht. V. Sut11er , 197S. 
South Carolina Marin• Resources Ctnttt 
Technical Report tf'l.uab-er 45. 57 p, 

Weaaer, l.L., W.P. Cooe. 111 . K. 8 . Sh.,.,.1y. J r .• 
and P.A. Sandifer. 1981. Specltt aaseaibl-i:e1 0 

dl•tribuctoa. and abunda.t1Ce of fiaht• 
arut decapod cru1cacean1 from the Wioyah 
Say estuarine 1y1t .. , S.C. South C.rolinf. 
Sea Crant Consortium Technical Report No. ) . 61 p. 

Wenner, E.L., D.M. Knott, R.F. Van Oolah. and 
v.c. lurre.11, Jr. 1983. Invertebrate 
~lttu atsociattd vitb hard bott• 
habitats 1.n the South Atlantic Blaht. Eatuarine, 
C:O.•t•l and Shelf Science 17: 143-1,9. 

Wenner. E.L., K.H. Sh .. ly, Jr •• and P.A. Sandifer. 
1982 •• A profil• of th• fish and dee.pod 
cru1tacean COllllUftlty 1tl e South C.rolln.a 
••t1'1rlAa eys·t• prior to flow alteratioo. 
litation.al Ocea:tdc and Atao•ph•ric AdaiAi•tr•
tion Tech. &apt. IOCPS SS&F- 7S7. 17 p. 

Williaaa, A.a. 196S. Marine decapod cruatacea.ns 
of the C..roli nat. U.S. Flab and Wlldlif• 
Service, Fishery Bulletin 6S: 1-299. 

Villllu0 V.T. and .J.M. t..ber-t. 1961. 
Multivariate Mthodt lo plant ecoloay. 111 . 
Imer•• ••aociatioa • ea.alysis. Jourul 
of !cOlOJY 49 : 717-729. 

WindOll, H.L. 1972. tnvironaantal aspect• of 
drad111\.1 in estuarte1. Journal of the 
Vatervaya. Harbor• and Couul Enaioffriaa 
Dlvt•loa '1V4: 47s-487. 

Windom, H.L. 1973. Mercury distributioa in 
••tuarlna-naarahore environment . Journal 
of th• Vatervay•, Rarbor• and Coaat•l 
Ensineertng Oiviaion. WW2:2S7- 264. 

V·l.od090 H.t.. 1976. to:wlrOGM'.Dtal ae,.cta of 
drtdaia& lo the coaatal aoae. cac Critic.al 
a4W'iev Of £a.vir-OC1Mt1.tal CootTOl 7;91-109. 

VindOll, H.L. and R.C. S.lth0 Jr . 1972. Dl1tribu
tion of cadmi\D, cobalt, nicke.l and &inc in 
aouthea•t•rn United State• Continental Shelf 
v•t•r•. O.ep-s .. lel..._t'Ch 19: 727-730. 

ViDdoa. 8.t.., F.£. Teylor, and E.H. VaJtere. 197S. 
Po••ible influence of at110e·pberic tranapor·c 
oa the total .ercury cont~t of southea•tern 
Atlantic COntinent•l Shelf turface vater1. 
Deep-s .. Retearch 22:629-633. 

Via.a:tou 0 J.I. 1982. Marina bryoso.n1 (Ectoprocta) 
of the locli.an !llv•r Are.a (Florid.a). lulletitl 
ot the Aa4riican "'1.•..,. of Katural Mi1tor7 
17)(2) :99-176. 



Appendices Click here to continue 

http://www.mrl.cofc.edu/pdf/tr50s/Techreport59-5.pdf


A.pP«1dlx 1. Vat•r CUl'TMt 4ata of alt•• ....,1 .. "-rla.a the vlntu a:nd .. ~T • 199). 

vtMTQ StilltD 
St.at ion current Current Stet Ion Cur-r•nt on·re:nt 

Station Depth Depth Direction Spe.S Tide Phaae Station. Depth D~pth Direction Spe:~d Tide Phase 
~knot•~ ~knot•~ 

050) 8.0 turftc• 18'7. o. 7 Ebb • 21 00 hrs. DSOl 8.S surface 012• 0,7 Slack 
bot to. 110· o.s boctom ou· 0,4 

0506 8.0 eu·rfaca 16<)• 1.0 lbb + 4 :lo hrs. DS06 9.2S surface 290• 0 . 1 tbb + 1:4.S hr•. 
bot toe 173• 0.8 bottom. t10• o.s 

0509 9.2S surfec• uo• 0.9 Slack 0508 9.2S surface 16<)• 0,8 Ebb + 4 :SO hra. 
bottoa 2:2s• 0.7 bot.C.O. 22s• 0,4 

0511 9.S wrfa ca 170* 0.) Pl.ood .. l :30 bra. 0510 9.2S .ur-face .. ,. 0.7 Slack 
bot to. 21s• o.2s bot toe 16'). o.s 

OSlJ 11.0 surfac.a 3:z:z• 0.7 flood + 3: OS hra. DS13 11.0 surfaca 020• 0,4 Slack 
bottO• 30s• 0.6 bott:O. 010• 0.4 

CS02 9.S eurfac• 02s• 0.4 Sleek CSOl 9.S surface 040• 0,5 Slack 
bottoa :zgs• 0 . 2 bottoa 340• 0.5 

"' "' CS04 8 .0 surface 0$0. 0.) Db + ltlS bra. csos 7.7S aurface cm• 0.2 Db +2:4S hrl. 
bottoa lss• 0.1 bott-• 178. 0.1 

C$09 9.:ZS 11.1r·faca us• o.s Db + ):lS kra. C$09 10.0 surface 147• o.s Ebb • 4 :40 hr·•· 
bot toe uo• o.s 'botto. 160. 0.4 

CSlO 10. 7S •ur·raca l4S• 0.6 tbb + S:OO hr-a. CSll l0.2S aurfaca tto• 0.4 Slack 
bottom us• o.s bottOll 11s• 0 .2 

CSll 11.0 surface 12s• O.J Slack CSU 10.5 surface 020• 1.1 Flood +4:1S hra. 
bot to. 22s• O.l bottom 340. 0.7 

OCOJ 6.5 aurfaca 3so• 0.2 flood + 4: 10 bra. OCOJ 7,S surface 090• 0 •• Ebb +2:3S hra. 
bottO. 345• 0.) bot to. 091 • 0 ,4 

OCOl a.:zs turfaca 21s• 0.6S Sla ck OC02 7,) sur face 22s• 0,8 Slack 
bottom 190. 0.) bot toe 230• 0.6 

OCOl 7.7S aurfaca 200• 0.5 Ebb+ 1:20 bra~ OCOl 9.S surfac• 107• 0.7 Ebb+ 4100 bra. 
bot toe 110• 0.7 bottoa 11s• 0 ,) 
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Appendix 2. Kydroaraphic chtmic•l analyata fro. Ceorgecowin DKDS •r••· 
(CM - channel. CS - control. DS - dispo .. l , OC - dovn current) 

~ ~ ~ ~ ooomoi mg 

12 PCI -
PCls \lg/l .,, "" .. .. .. 100.0l ltecovary 

oit. - BHC \.lg}l "" NI) NI) .,, MD 

lindan• \.l&/l NI) NI) MD .,, ... as. 2% l.ecovet")' 

h~tacblor \I &/l llD Ml> "" "" .. 
a-aac ug/l lll> ... .,, 

"" .. 
aldr t.D 1.11/l .,, Ml> llD Ill) "" 
heptachlor 
•poxid• ua/l .. "" .. Ml> MD 

P,Pl .. DD! \IS/l •• NI) "" .. .. 
o.r1 .. Dt>D \l&/l .. Ml> "" .. "" 
o,rl - DOf •all llD .. .. llD .. 
chlordane 111/l .. Ml> .. .. ... 
dl..tdrin µ g/ l .. .. NI) .. 1'11 

• ndri n 1o1g/l .. NI) ND .. ND 89. 6% Recovery 

P,P1 - ODD •Jfl Ill> llD NI) "" llD 

P,Pl - DDT 1.1 1/l 111) llD .. llD .. "4.tbo:r;ychlor -
100, OJ lecoVttJ 

eiru vg/l llD .. .. "" .. 
••thetqch.lor \1 1/l llD .,, llD Ill> .. 
toupbene \l g/1 llD N1l Ill) .. .. 
Volume of Saapla 
extract.S 1.1 gll 3240 3220 2760 3300 30SO 

Tot.al resolvlld. 
Hydroc.arbou bJ 
GC ,. ,1 416.63 2S9.91 .. 170.18 .. r 
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Appeodix 2. (Contlnu~) 

~ csos ~ ~ OOllttOL ill!:! 

Total unr•eolved 
Hydroearbon• by 
GC "''l "" "° Ill> .. ND 

Sua ot tlM 
n-Alk.ane• ua/l 229.01 U9.64 "" 2l.)7 ND 

S- of the,......,_ 
n-.Ub.a•• \l&/l 104 . 22 US.35 .. 9.6l 1111 

Su• of tM odd 
ft-.A.lba•• ua/l 12.4. 79 44.29 ND 13. 7S ND 

Utlre•olvtld Hydro-
carl>ona/Ra1olvad ND "° 111) 

Hydroc..rbont u1/l m:6! nr.ii ND m:n ND 

Prl•t.ao• + Pbyta:n•/ ID 111) 1111 
ft-Albnes us/ l m:or m:lf · .. n:11 Ill> 

PTiatane/n-C17 ND Ill> 
•v1 lDi 2.4o ND .. .. 

Prf.atane/n-C18 "" "" Ill> 
Vg/l 2 . 73 l.Tf Ill> ;-:n "° 

P"rl•t.aae/ 
PhJtatle u1/l "" Ill> MD .. Ill> 

n-Alttanu/lranched 229.01 159.64 23 . 37 
Hydrourboa1 .,sfl ~ --;u- .. -.;;- MD 

Oll and er .. •• 
q/l 3.0 3.0 4 .o 4.0 s.o 

Odd a~.kaaaU 124.79 44.29 9.62 
hen a.-Albnu "all ior.2i m:n ICD rr:TJ ICD 

C&chilua Ul/l 0.8 7.1 1.6 3.4 < O.l 

Araeo.ic "all 78.6 92.1 41.4 32.4 < 2.0 

Chroaiia ua/1 1.4 S.l 4.7 2 . 1 3.0 

N 1.c bl ll §/ l < s.o < s.o < ,,o < s.o < 5.0 

Cop,.r ug/l < 50 < so < 50 < 50 < 50 
Lead ug/1 < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 

Harcury ~1/l < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 

Unc •vi 265 uo 172 172 140 

ND• Not Detected; D•tecclon lilllt ts SO ppb. 
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res. •• ,, 

-. - IRC 1.11/1 

ltnd•na \lg/g 

hept1c:hl or \lg/g 

1-NIC MAii 

aldt'ln "''' 

hept1chlo«' 
·~xide i.ia/1 

P,P1·00B \II/I 

o,r1-ooo 1.1.a/1 

O,Pl-DDT Ma./& 

Chlordane \Ill& 

Di•ldrln 1o1s/S 

lndrin 1o11./1 

r,rl-ooo ua/1 

, ,r1-DOT •all 

Wet v•taht of 
Sampl• Extracted 

14/1 

Dry vetaht of 
Saapl• Extracted 

ua/a 

x Dry V•iaht of 
vet Ytlght i.ia/g 

Tot1l Resolved 
Uy4rocatbon• by 

cc "''' 
total Unretolv .. 
Hydt'ocarbona by 
GC tia/g 

Ceo.chtnitcal analyst s ot aedia.,t.s from the Ceot'getovn l»(DS at'ea. (CH ... c:Mnn•l, CS ... control, OS ... dlspo•al, DC - dovn C\lt'rent). 

~ CH02' CS02 ill! CS09 f!!l 

ICD 1111 1CD MO 1ID MD 

llD '"' "" '"' llD ND 

'"' llD ND .. ND llD 

ND llD .. .. ND ND 

'"' MD .. ND .. ND 

llD Ill> ID .. ID 1ID 

'"' ND HO llD MD '"' 
NO NO .. ND '"' ND 

ND MD .. ND .. .., 
KD MD .. ND !ID MD .. ND .. ND MD ND 

•• .. llD ND .. ND 

•• ND •• .. .. ND 

.,, .. .. llD .. .,, .. ND .. llD llD llD 

CSll ~ ~ ~ ~ DS13 

MD 1CD ICO MO NO KO 

ND "" MD ND MD ND 

"" "" ND ND ND ND 

"" ND .. ND ND ND .. .. ND ND .. .. 
ID .., 1'I> .,, .., .,, 

.. ND ND ND ND ND .. ND ND ND NO •• .. ND ND .. .. .. 
RD ICD ND .,, llD "" 
ND llD ND .. .. ND .. ND llD ND ND ND 

HD ND '"' .. ND .. 
HD ICD KD ND ND llD 

ICD ND ND MD llD MD 

!!£!!.!. ~ ~ 
KD MD NO 

HO MD 

ND NO 

ND NO 

•• ND .. .. 
ND ND 

•• ND 

•• "" 
NO ND .. .. 
ND ND 

NO NO 

'"' "" 

HO 

•• 
NO .. 
ND 

ND 

ND 

ND .. 
ND 

NO .. 
ND 

ND HD MO 
Nathoxychlot' 

46.3808 47.9552 48.07SS S0.3328 49.778) 52,8452 SS.065S 52.0564 SS.0394 S4.71SO 58.9654 45.1802 49.3585 55.7648 44.3987 

)6.5017 32.99]? l4.Ul6 40.U51 40.0111 4).1101 4).941) 41.5141 H.7911 41.5136 47.5261 35.911) )4.)541 4S.169S 19.1587 

71. 7 61.8 71.0 79. 7 80.4 81. 9 79.8 79.S u.2 11.1 80.6 79.S 69.4 81.0 65.9 

ND .. &.9.S llD MD 1.00 ND .. ND ND llD KD llD .. ND 

.. MD .. .. ND ND ND .. ND ND llD ND ND .. llD 

Sf'lQ 
0101 

Ti54rc1 -
.SS. 7% 1.ECOVDY 

73% ll!OOVERY 

100.0% lllCOV&W 

100.0% a..tOOV!IY 

"" CD 



Appendix 3. (Continued) 

CllOl Cfl02 . CS02 .£fil ~ S:'f.!.!. 
Sum of the 
n-Albnes ug/g ND 

Su• of the even 
n-Alkttnes llg/g ND 

Sua of the odd 
n-Albnea us/a ND 

Unreaolved Hydro
cerbo~a/Re&olved 
Hydrocarbons ug/g ND 

Pristane + Phytene 
n-Alkanes ug/g Nt> 

Odd n-Albne&/ 
Even n-Alkan•s llg/g ND 

Pri&tene/n-C17 ug/g ND 

Phytane/n-Cl8 llSla ND 

Prtata.ne/ 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Phytane llg/ g ND lfD 

n-Alkane•/Branched 
Hydrocarbons mg/g ND ND 

t.o.c. x o.086 o.S49 

C.O.D. mg/)(a 2880 66300 

2.25 

1.03 

1.22 

ND 
8.95 

ND 
2.25 

l.22 
r.o3 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.04 

ND 

0.04 

ND 
r:oo 

ND 
G.04 

0.04 .......... 
ND 

ND 

ND ND ND ND 

2.25 0.04 
'iii) ND 'ND Ni) 

o.529 o.047 0.092 o.J18 

78200 1800 2600 6900 

CS13 DS03 DS06 ~ DSlO .Qfild. 

ND ND ND ND ND ND 

ND• ND ND ND ND ND 

ND ND ND ND ND ND 

N1) ND ND ND ND ND 

N1) ND ND ND ND ND 

HD ND ND ND ND ND 

HD ND ND ND ND ND 

N1) ND ND ND ND ND 

ND ND Nt> ND ND ND 

~ ND ND ND ND ND 

0.1 24 0.120 0.075 0.082 0.062 0.057 

3300 2930 l . 920 2300 1970 1480 

Nitrate as N03 113/g S1.91 278.S7 94. S9 lS.44 25.39 216.66 S3~~ 33 17.SS 32.66 19.72 19.23 23.85 

Nitrate as N02 f118/k$ 106. 28 10. 00 8 .04 2. 28 0.)4 2.5 

Soluble 'Pho9phoru• 
•• P04 og/)\g l. 20 1.63 o.914 o.678 o.446 0 . 231 

Total Pho•phoru• 
es P04 "3/k& 8.43 

Oil • c-ruae • g/kg <6 

Total ljeldahl 
Nitrogen -s/kg 40 

34.72 15.44 9.00 

687 JS 57 

546 266 29 

8.20 14.93 

206 24 

36 lOS 

6 . 34 0.21 2.47 81.31 

1.01 1.72 1.44 

8.11 7.17 11 .26 

8 <6 <6 

s:s 39 20 

1.16 

6.76 

32 

722 

J.57 2.10 

0 . 849 1.37 

6.57 

105 

696 

5.82 

81 

807 

!>£2!. B.£2! 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

~ 

ND 

ND 

ND 

ND 

... 
ND 

ND 

ND 

HD ND NO 

ND ND ND 

0 .810 0.060 0.577 

88500 1400 )4600 

156 so. 77 392 

4.46 3.96 27.4.5 

1.20 o.646 o . 304 

53.13 5.92 

507 114 

27.13 

<10 

994 31 399 

SPIKE 
CHOL 

a
"' 
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C.d•lua \l&I& 

Chro•tll9 1.11/a 

Htcbl llg/g 

Copper l'g/g 

Ir-on va/a 

..... ""' 
%lac 1-11/g 

Cad•lua "118 

Chroelu• 1.11/g 

Nickel 1-11/1 

Coppf!-r' 1-11/1 

Iron 1.11/1 ....... ,,, 
line 1.11/1 

Ar-1enic "''' 

Horcury 1.11/1 

(Cofttiftued) 

~ Cll02 CS02 CSOS £!!!!. !:!!.!. 
<O.l <0.1 <0.1 <0.1 <O.l .0.1 

<O.l cO.l <0.1 <0.1 <O. l <O.l 

<O.S <O.S <0 • .5 <O.S <O. S <O.S 

<O.l 0.92 cO.l <0.1 <1!.l l.69 

1, l.54 l, 76-4 t.084 66.5 1,111 t.330 

<O.S 4.6 <O.S <O. S <O.S <O.S 

6.0S t.41 7.22 6.6.5 6.20 10.1-J 

< 0.1 cO.l < 0.1 <O.l <0,l <O.l 

l.25 14.9 3.72 <O. l e.so s.97 

< o.s 9.U < O.S <O.S <0.S <0.S 

< 0.1 2.•9 

S,07S U,473 

< O.S <O.S-

9.60 41.04 

1.44 

0.27 

1.38 

o.u 

c 0.1 <0.1 <0.l <0,1 

4,777 2,17) 
7 ,toO '·'°' 

< o.s 
1).39 

1.44 

o. :14 

<O.S < O.S < O.S 

14.17 20.2S 22.19 

0.41 

0.35 

LU 

0.>8 

1.44 

0.11 

ND • Not Detected; Detection Li•it 1• SO ppb. 

Values •• dcttm.lned bJ O.lK llCI. u:tn.ctt.oa. 

£.fil ~ ~ ~ !!.!! ~ 
<O.l 

cO.l 

<0 • .5 

<0.1 

826 

<O.S 

Z.77 

<0.1 

<0.1 

<0. S 

<0.1 

76) 

<O.S 

2.SS 

<O.l 

<O. l 

<0.S 

<0.1 

691 

<O.S 

2.66 

<O.l 

.cO.l 

<O • .5 

<O.l 

9)) 

<O.S 

2. 7' 

<0.1 

<0.1 

<O. S 

<0. 1 

799 

<O.S 

).07 

<0.1 

<O.l 

<O.S 

<0.1 

1.128 

<O.S 

2.72 

Values •• detumin..t by total dlaution. 

<0.1 <0.1 <0.1 <O.l <Q.l <0.l 

l.22 1.27 1.22 1.26 2.46 1.16 

<O.S <0.S <0 • .5 cO.S S.89 <0.S 

<O.l 1.02 <0.1 <0.1 <O.l <O.l 

4,216 4,227 2,696 1.111 1,0.sa 2,180 

<O.S <0 • .5 <O.S <O.S <O.S <0.S 

7.64 11.14 

1 .47 

0.35 

0.77 

0.41 

S.31 

0.)6 

0.08 

9.6-4 10.71 

l. :14 

0.61 

l.06 

0 .14 

6.0l 

1.)6 

0.22 

~ ~ ~ 

<O.l <O.l <0.1 

<O. l <O.l <0.1 

cO.S <O.S <O.S 

<O.l <O.l <0.1 

1.009 822 l .1S6 

<-0.S <O.S <O.S 

).64 2.21 5.35 

<0.1 <0.1 <O.l 

1.22 1.25 9.05 

( o.s <0.S < o.s 

<O.l <O.l 4 . 02 

l,648 l,608 u .s.sa 

<O.S 

9.•o 

1.38 

0.42 

cO.S < O.S 

7.83 2].77 

l.07 1.36 

0.21 o.5S 

.... 
0 



Appendix 4. Tax.a collected by be- t:r awl at contl'ol (CS), dispoaal (OS) , and "down cul'r ent' ' (l>C) altudurln.g vlnter (v) and sunm.er (s) 1983 . 

CS02 CS04 csos CS09 CSlO CSll CSLJ 0503 0506 OS08 DS09 DSlO OSll DS13 OCOl DC02 DCOl 

Phylwi Ch lorophyta 
.!!!!!, lactuca ' • 

Phyl um Phaeophy[t 
Sar ga11u. .!!.!!!!!!. • • • • 

Phylum Rhodophyt a 
lhodpenia pseudopal .. ta v 

Phylua Por ifel'a 
End ec t xon t enax v 

H.alicl ona sp. v 

Hoaa.xinall.a rudi• • 
lrcinia ca•pana • 
Tenaciella obl i 9ua s • 

Phylua Cnidar ia 
lu:t in ia1:1a A • v 

Actlnlar i.a I • 
Actln laria C • ..... 
Ac:t iniar ia (undet . ) v .... 
Aglaophenia tri f i da • 
Aatrang la a1t relforala • v • • •• • • • 
Bougalnvillla ap. • 
Calliacti s tricolor • • • • • • • • 
Clyt la cyllndr lca • 
Clyti.a fragill• • 
Epizoanthu• amaricanua v v 

Eudendrlum ap. • 
Hale<: iua sp. • •• v v v • v • v • ••• w,s v w w 

Hydractln la echlnat • • • • • 
Le ptogorgla v lrgulata • 
Paranthls rapi fona l a v 

Renill a renlformia • 
S<:yphos.oa (undat . ) • 
Tamoya haploneaa • 
Tele1to fruticuloaa w • w 

T\lbularlidae A • 
Phylu. Ctenophor a 

Cteaopbora (undet.) • 
Phylu• lryozoa 

Aeverrlllla setigera • 
Alcyonidiua hsuffi • 

· A.nguin•lla palaAta v 

Antroe_ora leucocypha • 



Appendix l. Ceochfl9lc•l •n•ly1l1 of sedillent• frmiii the Ceorgecown DKOS •r~•· (CH - clwlnn•t. CS - control, OS - dispo~al, DC - down curr ent) . 

SPl.U 

£!!.2!. ~ 9!!! £!9l. SJ!! S!!!. fill. !!9.! !§!!! ~ !fil !!!! .!1£21 ~ ~ CHOl 
12)4 PCB -

PCs, .,,., g .. .. .. .. .. .. 111> .. ,,, .. SD .. .,, • • MD SS-. 7X UCOVERY 

to< - BHC ug/g HD •• ND ND ND NO ND ND ND HD ND ND HD •• .,, 
11.ndan• •11 g ND Ill> .. .. .. .. ND .. .. .. .. •• .. •• .. l)X ltCOVtlY 

b«:pt• chlor .,, .. Ill> .. Ill> .. .. .. ... .. ... IQ) .. .. .. .. 
1-"HC 1.1t.l1 .. .. .. •• .. .. .. .. ND ND .. ND .. .. .. 
•ldrtn vg/g ND .. .. •• .. .. .. .. .. ND .. HD ND ND ND 

hepl•chlor 
epoatde. t1a/1 .. .. .. ID .. .. 111> ID ID .. .. ID .. •• .. 



Appendix 4. (Continued) 

CS02 CS04 csos CS09 CSlO CSll CS13 DS03 DS06 DS08 DS09 DSlO DSll DS13 DCOl DCOZ DC03 

CallaeorarJ.a albiroatria v 
.~sp. • 
Electra 110fttl1tachy1 v • • • " H1epaliosina roatrl aera • • Hippoeor i na contract.a • v • Hippoporina varrilli v • • v 
He11branipor• • rboraacena • • • v • • • • v,a • Hembranipor• tanuta • v • v v • v,. • • v • • v • Hicroeor&lla c ili.ata V,8 • • • Nolella atiNta • Parasaittina nitida v • • • • ••• • v 
Rg>tadeonella haatin•••e v • • ••• • v 
Reptadeone.lla sp. • 
Schlzoeorella .!!!!.!:!.. • • • • v 
Schizoeoralla floridan.a v 
Stxlopoma ia.fona.ata • Trypoateaa venusta • ••• 

Phylum Kollu1ca .... 
"' Anadara ovalia v 

l.amu tniiiCa'ta v 
ir&Ciii'dontea exuatua • Busycon canaliculata • v v 
Butycon S:.!.!!s!. • • C.llioatoaa pulchrui1 v 
£h!!! aaca.rophxlla • • Crepidula forntcat a • • • • • •• • • • • • Crep idula p1ana • • • v • • v • • • En.eta directua • Euplcwra caudata • • Lolliguncula brevis • • • • • • • Polinices duplieatut • • Sinua pe.rapectlVUll • Zirfae.a criapata v 

Phylum E.c:hiurida 
Echiurlda (undet.) • 

Phylum Arthropoda 
Acetea 1merlcanue • • A.lpheua nomnni v 
Are.naaus cribariua • • • • • · Anoplodactylua ~ v 
hlaoua calidua v 
Balanus trfgonut • 
Balanus venustus • • v • • • • • ••• • C.llinecte• ••pidut v,o • • v v • ca11.1nectes sa111s • • • • • 



Append 1x 4 • (Contlaued) 

CS02 CS04 CS05 CS09 CSlO CSU CSll DSOl - OSOi OS09 OSlO DSll OSll 0001 0002 DCO) 

Calltnectes •P· I • Cancer lrroretut v v v • a;ron,,la ,.t;i. • 
CorioeM galuta • 
ffe~tu• epheliticua • • • • ••• • • • 
He:x.apanopeu& •nau at if ron • • • • 
Knoc.OGCM .. buto ... • 
Llbl.nia dubia v 
LibtnUt. ....-rjtn.ata ••• v • • • • v v v 
Libtnia ap. v 
Li.atlu. eoln......_. v v 
Ke:aipp• .ucwrla • • 
Metoeorhaphia e a ic.•rat.a v 
Hanoplax xanthifonits • 
lleopanoee .. ,1 • v • v • 
Ovallp!! ocellat•• • v,a • ••• • v ••• • ••• 
Owalip•• ateph•10nl ••• • • • •• v • • ••• ••• • v • v • •• ••• ••• ••• 
Paguru1 henderaonl • 
Paguru• longicarpu• ••• • v • • v • ••• • ..., ... 
raaor,.. eotllcarl• • v • • v • ••• • • • • • 
Pen.aeu• azt.ecu• asteeu1 • • • • • • • 
P~aeu1 aetl.ferua • • 
Pea.aeu• sp. • 
Puaghooa ..,lt.anuu • • • 
Pill.We d•!!podua • 
Pilu•nu• ••11 v • v 

Porcellana .. xarui • • 
Portunu• glbbutt ••• • v v • ••• ••• • • v • v • ••• ••• • •• 
Portunu1 aplnlMnu1 • v • • • v • v • • 
Slcxonia bravlroatria • 
Ssuilla ~ • • v • • v 

Squilla aeglecta • 
Tracb3eaaeua conatrtctua ••• • v v ••• • • v v • ••• v 

Upug• ta afflni• • 
.Xanthtdaa A • 

?hyl• khlno4e,...ta 
Arbacla punctulata v • v • • 
A1terta• forbe•ll • • v • v • v 

Ute.ro Liu A • • 
Utrop!CteD dupllcatue • • v • • 
Luldia c.lathrat.a • 
Lytechtnu• varieaatus v • • 
Hell lta Guingu leeperforata • • v • • ••• • • • • • •• 
Ophiot);ri! anaylata • 
Ophiurotdea A v 
Ophiurotdea 8 v 
Sclerod.actyla brlar.ua • ••• 



Antndlll 4. (Col'lt laued) 

CS02 CS04 csos CS09 CSlO CSU csn DSO) DS06 .... DS09 DSlO DS.11 DSU DCOl DC02 DCO) 

Phyl• Chord•t• 
SubphJlua Urocbord•ta 

Aplidt ... t:oa1ttll1tm v • v v,1 
Aelidlt111 ap. • • • 
A.le Id la cu A • • Clave.ltna etc.ta • 
Clava.l.ina ap. • Kolgula occ1dc.ntalta • 
Styala pllcata • Subphylu. Vertebrate 
Anchoa aitchilli • v • • ••• 
Ancylopaetta guadrocellata • • • A.ttroacopus y-graec .... • lrevoortia trrannu• • • v • • • • • • • 
Centroprlatls strl•ta v • 
Cltharichth1• .. crop• • • • • • Ctthartchthya !pilopt•ru.1 • 
C!!OKioD rgalia • • • • • • lt'ropu11 croa80tu.a .. • • • • .... 
!n.oblf!llD.lu• ~ • ... 
1£rS-. faacJ.a.tua • • • • • lA.1.oatc.u.s UAthu:naa • • • • • • ••• • • • • •• • Me:otlclrrbu.s ..ericaau.s • 
Kmtlcirrbua littoralta • MtcroPo&?alu.s undu.latua • • • • • • • Ophidloo .. rginatua • Parallchthya dent•tua • P-rtonotua carolinua • • • • • • • • • • Prtonotus scltulus • 
~ ealanter 1a • • • • noptara bonaaua • • Scofthlllaua ag1,10aua • • • • • • • • •• • ••• Sta lif e r lanceolatua • • • • • • •• SY!phurua plagluaa • • • •• • • • • •• • •• Syngna.tbJa louiai&nae • Trtchlurua lepturua • 
Trt~ectes aaculatua • • Urophycla !!&!.!. • • 

...... 
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Appendix S. (Continued) 

CONTROL AREA• -INTER SJMPLES 

RA,.,K SPECIES C$02 CS04 CS09 CSlO CSl3 
MEAN Sl EAR >'EAN ST ERA MEAN ST ERR ,..EAN ST (AA 14(A ... Sl EAR 

•? PARACJPAELLJ lE,.,U IS . 
0!2 ' • ' • z.e 1.6 • • •2 PELEC'tPOUA A 0.2 0. 2 0.2 . . o •• 0.6 I • e 0 . 1 •• PAGUAys SP • 

0 :2 
. 0. 2 0.2 o.• o.• 2.0 2.g o:. 0:2 •• ACTl,., tiRIA 0.2 0. 2 0.2 ••• 0.6 1.0 •• •• "'ALOJN lOAE . • 0.2 O·l 0.2 0.2 1.• 1.2 o.e o.e .. PARYILUCINA tf ULTILlhEAlA . g:z . . 0.2 0.2 , .. 0.1 o.e o.• 69 AACiOliE A 8" 1:6 

. u:. . 1.e 1. 0 o.~ o.~ 69 ~:H~i~O~~~\la.~~~CULATA .2 .2 1.• o.• . o:s o. o. •• 2:2 1:3 
. . . . 2 •• . . H PA~U US CAR8LjN HSIS . . . . 

2:0 o: .. o:c 0:2 H THAHYJ. "4AWI N . . o:l 0: 2 
. 

0:2 1' 111,t.AY ll SP . . 0.2 
t=~ 

0.9 . . 1' . AR•ANOIA M1C~~AIA . . . . . . 0.8 o:e 0:2 H lHJ~YJ. ANNU~ YS o:. o:" . . . . •• o.s 
11 "V5CUlUS LA WALIS . . . . 1 •• 0.1 

2:0 
. 11 C AROPHORUS LYAIFOAMI~ . . . . . . 

1:6 
. 0,8 

81 •iEXA~ .J,fiOP(US ANGUSl IF 0"'S 0.2 0.2 . . . . 1.~ . . 
Al NEOP.6,.,0PE S.6'r I . . . . . . 1.e l. 1:e 0:1 81 H(LANELLA SP. 8 . . . . . 

0:2 
. . 

31 ~yhklCAE 0:2 
. . . 0.2 ?·· o.• 1. 0 0,6 

IE 8~LL jOAE 0.2 . . . . .o 0.8 o.o o.• 81 PWJON SP 0 CIRAlFEAA 0. 6 o •• . . . . 1·2 o.6 . . 87 LUCO~ACIA l~CERTA 
0:2 

. . . . . •• 1.1 . . " 81 LEMy2s SP 0.2 . . o.• 0.2 ?·· 0 . 2 0.4 3.2 "' 87 NA T ... PUSIL\A . . . . . . .o o .. o.o •• 87 LITHOPHAGA E SULCATA . . 1.6 I ol . . 
1:0 o:J 81 PRJONCSPJO FALL.6X 0.2 0.2 . . o •• 0.2 

87 ~p 0 SP• A . . . . . . 1 •• 1 . 0 9) EOAROLGUS SPIHOSUS o.• 0.2 . . . . 1.0 o.s 93 PAAA~ETOPELLA C'rPRIS . . . . . . 1 •• 0 .1 
l : " 0: 1 93 TIRON THOPAKIS . . . . . . . . 93 NUOJ~RANCHl.6 0.2 0.2 o. e o.o o •• o.• . . 93 PELE YPOOA o.• o.• 0.6 o. c . . o •• o.• 93 ~~e· 2sy~~A~.~~~GURANS . . . . 

· =~ 8:~ 
, .. 8:~ 99 ~·cftLA SP , 

. . 
0:2 

. .o . 
0:2 99 . . 0.2 o. • • o. ••• 99 ASP OOSIPHO~ A\8US . . o •• o • • . . o.• 0. 2 . . 99 MAGELCNA PHYLL SAE 0.6 0 . 6 . . o •• 0.2 . . o:e 0:" 99 PAqao ... IOA~ . . . . o.• 0.2 0:" . 99 i~~·•2AA ASS! . . u.2 0.2 o •• 0,4 o.• o:e o:. 106 H.I ODA . . u.2 o.c . . . . 16• GAST~OPOOA 

0:" . 0.2 0.2 . . o •• o.o 0 . 2 0.2 106 PLEURCHERIS lRIOENTATA o.• . . . 
o:~ 

. . o •• • •• 106 SPH•r•guo•~PSI~ SP •• . . o.• o.• 0. 2 . . o •• 0 . 2 100 ONUPHI NE OLO .6 . . . . o.~ o. 0,8 o.s o:c 0:2 106 PSijUOEUAYTHOE A~81GUA 
0:2 

. . . o. 0.2 o.• o.• 100 SC LElEPIS SQUA~ATA 0.2 . . 0.2 o.c o:tt . 0.6 o.• 106 SCHlSlOMERl•GQS RUOO~PHI . . . . 0. 2 0.2 o.• 11; ~,C RAHU PRAEAYNGUS . . . . . . o.e o.e hNlllA CYLINO CA . . . . . . o •• 0,6 
0:6 0 :6 119 l STRIELLA 8.6ANAR0l . . . . . . 0.2 o.z 119 PEbEHPOOA . . ••• 0.2 . . 0.2 o.~ 0.2 0.2 

11 9 LY /'i A H\'AllNA . . . . . . 0 .2 o. o. o ... I q P ... OLACIOAij I> . . . . . . o •• 0.6 o:e . II• SIPUhiULl A . . . . . . . . o.a 119 OPHEL A OEHll§~LATA . . O.• 0.2 0.2 0.2 o:e . 0.2 0.2 
ll~ PHER~~· ~HHR . . o:e . . . o.s . . SPHA HOO R AE . . o •• . . . . . 

0:2 II! AN~IJTRO~YLkl~ SP. 0 .2 0. 2 o.• 0.2 . . o:H 0:2 
0.2 l MAMO A sY A~,RA T~~TAC~LATA . . . . . . o:c 0:2 . . ••• 0.2 0.2 0.2 o:. . 119 ~p ON DAE • • . . . . o.• o • • o.z 



A.p(K>:ndix 5. (Continued) 

CONTROL IAEA• WINTER SAM~LES 

RAt..K SPECIES cs oz CSO• CS09 CSIO CSl 3 
HEAN Sl EAR HEAN ST ERA MEAN ST ERA ~(AN ST ERA H[Afrl. ST ERR 

11 9 HESI Ohl OAE o •• 0.2 0.2 & :~ 0 :4 
. 0.2 o.~ II• CAULLERIELLA KILLARIENSI S . . o.z o •• o. z o • 

1~9 5A8ELL A HJC~OPHTHALMA . . . . . . o.a u.6 
0:6 o:. I S ~~gt1~oogi~ sP . • . . . . 

0 :2 0:2 o:z 0:2 135 . . . . 0.2 o.z 135 PH T ~ PUGNATOR . . (I: 2 
. . . 0.6 0.6 o:. o:z 13S CUMACEA . . o.z . . . . 135 HEL~~TA OUj•OUESPERFORATA . . . . . . 0.6 o.• . . 

B~ INV )EBAA A C . . . . . . &·· s·· . 
0:2 ERV l A CONCENTRl(A . . . . . . •• •• 0. 2 135 AHAA AEOUALI S 0.2 0 . 2 o.• o •• 

0:4 
. . . 135 "yl••Elk~ SP. A . 

0: 2 
o.z 0.2 o. • 

o : ~ o:~ 13~ p He"• • o.z o.z o.i 
0 :2 t): 2 0:2 0 :2 t> /. CNISTATA . . . . o. o • 

·~s ORl\OkJREI S HAG• A . 
0: 2 

. . o •• o.z 0.2 o.z 
0:2 0 : 2 h~ ~~~.~~ ~~~ALE SP, A 

0. 2 0.2 o.z . . . 
o :~ . . . . . . 0. 6 P l Yl"i" A A . . 0.6 o. HRAN~h OS~O~A CARJ8AEU~ . . . 

0: 2 J58 0. 2 0.2 . . 0 . 2 
0:4 

. 58 HYPO ON§HA AR~UATA . . . . . . o.z 158 PAAAH•U ~YAI~ LONGjHEAOS . . . . . . o.• o.• . 
0:2 158 ~UO ILEMB OE NAGL\ . . . . . . o.z 0.2 o.c 158 HYS ICOPS I S e GELO• . . . . . . . . o •• o. • ..... IS• ~TENO THOE SP. . . . . . . o •• • •• . . ..... 

1 ~3 ARAP~EUST~S •EaTUAAIUS . . . . . . o •• &·· . . EUOEV NOPU hON URANUS . . . . . . o •• .2 . . 158 GLOJ T DIA PYRAMI OATA . . . . . . o.z 0. 2 0.2 0.2 158 TELllhA fEXAHA. . . . . . . . 
0:2 

o •• 0.2 
J58 P LiCYPOOA S . . . . . . 0 .2 O,Z o.z 58 HYJ QA( A . . . o •• 0.4 

ooos\i•1 • sP . • 
. . . 

0: 2 0:2 158 . . . . 
0:2 

. o.z o.z 158 lCHIUAIDA . . 0. 2 0.2 0.2 . 
o:~ 

. . 
1~3 Hvy•olDES u•~l••T• . . . . . . o •• 

0:2 0 : 2 PR ONOSPJO Ji. . . . . . . 0 .2 o • 
·~8 CIRRIFORMJA GRAHOIS . . . . . . o •• o.• . 

0:2 158 OR81N~A AMERlCAhA . . . . . . o.z 0.2 0.2 158 ~EREI ACUMINATA . . . . . 
o : ~ 

o.• o.• . . 158 SCOLCFLOS AUBAA . . . . ••• . . 
0:2 

. lSA LUMijRI NERI S lAlREllll . . . . 0.2 o. . 
0:4 

o.z 158 ARHA•CTA AG l~j5 . . . . . . o •• 
0:2 

. 
!~R • RIC I E• E c • . . . . . . 0. 2 0~2 

· · ~ LU•••~•E•~~ V"~l5 . . . . . . . . o •• o • 58 "'OL YC RA rt e E o.• ••• . . . . . o:z . 
0: 2 158 HAP~rsco~8PkOS • ••GIL IS . . . . . . o.z 0.2 l S8 CAP EL~ • o . ~ 3:~ . . 

0 : 2 0 :2 
0.2 0.2 158 N[R A o. . . . 

0:2 158 HES Ofrl.I OAE A . . . . . . o •• 
lSS SABELLIOAE . 

o:~ o:z 0 :2 
. . o •• o •• 

l~B POLYYORA iF• 8 0. 2 . . . o:z CHAE OPTEk 8'E 0. 2 o. . . o:z . 0.2 
222 PAGUAOS LON I ARPUS . . . . . 0. 2 . . 
2~~ OVA~ IFE~ STEPHE•SON I . . . . . . 0.2 0. 2 . 

0:2 ~22 PO• u•u Gle¥Eill . . . . . . . 
s : ~ 

0.2 
NANOPlAX XAh H FOAMJS . . . . . . . o.~ 222 UISSOOACTYLOS "Ell i AE . . . . . . o. 

222 Hli~OPHRYS BJ CO~NUTUS . . . . . . 0 . 2 0.2 
222 Hf [R~C~YPTA 6R INUlATA . . . . . . 0.2 0.2 . 

0:2 ~~~ J'AGUA DEA . . . . . . 
0:2 o:z 0. 2 H1PPOLYTE Nl CHOLSONI . . . . . . . . 

~~~ ACAHf~OHAUSIO~IUS SP. . . . . 0 .2 0.2 . . 
0:2 0: 2 SYNCHELIOfU~ AHERICANU~ . . . . . . . . 

222 HUD ILE • BO DES SP. . . . . . . 0. 2 0.2 



" ... -z -a . .. ... 
x • 
g .. -~ 
u 

... 
"' v 

0 

"' u 

,,. 
0 

"' u 

• 0 .. 
u 

" " ... -"' 
~ • ... 
x 

" " ... -"' 
z • ... 
x 

.. 
" ... -"' 
z 
• ... 
"' 

" " ~ -"' 
z 
• ... 
"' 
" " ... -.. "' 0 

"' u z 

.,. ... 
u .... .. 
"' 

" z • .. 

• ... 
x 

78 

.. .. .. .... .. .. . . . . .. . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . .. .. 
0 0 0 0 

.. .. . . . . . . . .. . . .. .. . . . . . . . . ... . . . . 
0 0 

""" .. ...... .... ............ .. .... .... . . . . . . . . . . . . . . . . . . . . .... . . . . 
00 0 000 00 00000~ 0 oo 00 

"""' .. ...... .... ........ .... .. .... .... . . . . ........ . ...... . ........ 
00 0 000 00 000000 0 -00 

N N . . . . . . . ... . . . . . . . . . . . . • . .. 
0 0 

"' "' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
0 0 

N N N N .. . . . . ...... . . . . . . . . . . . . . 
0 0 0 0 

.. .. N "' . . . . . . ..... . . . . . . . . ... . . . . 
0 0 0 0 

"'"' "' "' . . . . . . . . . . . . . . . . 
0 

. . . . . . . . . . . . 
00 0 

.... "' .. 

0 00 0 

.. NN .. . . . . . . . . .. .. . . . . . . . . . . 
0 00 0 

.. N NNNNN .. .... ......... . . . ...... . . . . . . .... 
0 0 0000:. 0 00 0000 

.. .. .......... N .... ........ . . . .. .. . . . . . . . . . . . . 
0 0 00000 0 00 0000 

.. N NN . ... . . . . . . .. . . .. . . . . . . . 
0 0 00 

.. N .... . . . . . . . . . . . . . . . . . • . . 0 0 00 

.. . . .. . . . . .... . . . . . .... . . 
0 

.. . . . . . ....... . . . . . . . . . . . 
0 

0 

N . 
0 

N . . 
0 

.. . . 
0 

N •V . . 
0 0 

N N N . ... 
0 0 0 

.. .. .. . .... . 
0 0 0 

. . . . . . 

. . . . . . 
.. . . . . 
0 

.. . . . . 
0 

..... ..... .................. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............................. . 
00 0 0 

NtNNNNNNN4\INNt\lt\INNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNM\ll\INNNNNNNNIV.~~ 
NiNNNNNNM\INNNNNNNNNNNNNNNl\INl'\INNNNNNNNNNNNNNNNNNNNNNNNNNC\tNNNNNNNN 
Nlf\llNNNNNl'\#'NNNNNNNNt\JNNNNNNNNNNNl\ll\INNNNNNNNNNNNNNNNNNl\IM\INNNNNNNNNNN 



Appendix s. (Conti,nued) 

CONIROL ARE A• WINT ER SAMPLES 

RAhK SPEC IES CS02 CS04 CS09 CSIO CSll 
11EAN Sil ERR ~EAN ST EAR MEAN St ERR H(AN ST ERN HE,t.f\ ST ERP 

~~~ ONUPHIS ~R~•!U . . . . 0. 2 0. 2 . 
0 :2 LEPJOONO U U9LEVIS . . . . . . 0.2 . . 

1r PO~CILOCHAEIUS SP. . . . . . . . 
0 :2 

0.2 0 . 2 
SP 0 SP. . . . . . . 0.2 

0:2 \) : 2 
2j 

LU~H~ IN~~J S SP. . . . . . . . 
o : ~ AHPM.IR[ 1 OAJ . . . . . . O·~ 

~~~ POLYOORA S • . . 
0 :2 o:c . . •• •• PULYOORA SP . G . . . . . . 

~~~ 
POLYOORA SP . M . . . . . . o.~ 8 :~ AHPH•R[li A•£Rl5ANA . . . . . . 8: OORVll E SO IA lllS . . . . . . 

n~ •HJll~OOiE •NENAE . . . . . . 0 . 2 0. 2 
Pk Of\ P 0 A I . . . . . . 0.2 0 . 2 
•R I O• ~p 0 gRlStATA 0. 2 0. 2 . . 

0: 2 u: 2 
. . 

22Z t1AGELCNA ROSEA . . . . . . . 
0: 2 222 PHYLLCiOC JO.aE . . . . . . . s:I 

0. 2 
~~~ ~lYHlf\ LLA TOHUOATA . . . . . . 8:~ OLYhC DA( . . . . . . 
22' CERAlONER lS 1RA1fA8 lLIS . . . . . . 0.2 o. 
222 SP JO S~TOS A . . 0.2 0. 2 
~~~ TRAVIS ,. Pf.AVA . . 0.2 ••• . . 

0:2 0:2 SYLL S HYALJ Nf. . . . . . . 
..... 
"' 



Appendix 6. Ove:rall raoked abundance or .. crolnvertebrat ... , c;ollected during •~r at th4i control aite . 
and standard enor or the ••n •t uc,h •tatf.Of :l• t.ndlat.ed. 

.Kea.a den•ity (nuaber pt:r O. l • 2) 

CONfAOL AM[ A• SUKM(R SAHP\.ES 

k&fl" SPECIES CS02 csos CS09 CSll CSIJ 
M(IH" SI ERR "'( Afri ST ERR " (AN ST ERR M[AH Sf ERM M[Ah St (AR 

~ N'EMAfODA o.c. o.• 2.2 &·· .... 2. J • •• 9.·9 J8.i 8.8 
M OIC•ASlUS CAllrORNIC~SIS 16.6 s.s u.8 .K 0.8 O.• 10.z J.9 I). l.J 

J ENSIS OIRECTUS . . 0.2 0.2 6.8 ~ .8 13.0 ••• 23.0 5.l 
~ ~UPULAOqlA DOHA . . o.• o •• } 4o • " .9 ••• o.s 17 .6 ~:3 , A•SSWEllA \U•~\"' . . o •• 0. 2 .... .s 11.8 •• s.~ 5 PAR&F~tONOSP 0 HN&TA JJ.o 9.S . . . . o •• 0.2 o. o.z 
l PY'UHli YITTATA . r:i 28.0 5.1 1:· . 1.0 0.6 2.• 2.• 
6 CR•SS INELL& MAHTlHJCEN51S 

··~ ~·O ,.s A:~ ••• ~·~ 22·· ··~ • Ul~Gy~HAETA •• •• •• 3.• • • 
i AM H OIA PUY~HfllA . .:t •• o.g ••• ••• z:s 

1~:! 1:a '"'''"' l"1b • • 2: e. 2:3 u: 2 . Y:u Y:t x·• ~·' ... ij&J A CA HA NE~SI S o.f .o .~ 

r~ i H H i;f N(A 8.4 ••• ~·· 
o. o.8 0.8 0.8 o.s ~:8 • G~N •olors CAHOllN•E . .:~· A:9 ••• o.• z •• I. I 

~f n ASPf~9~1PHON §OSN~~Di . i•l o.z 
i:2 ~: . ··2 ANS OSYlb~~ HA M NAE 0:4 o:. ••• s·~ .o ;:a f :. PA U ~S HfN SON ••• •• . o ••• • • POLYGOHOI DA A . 

··~ o.~ 3.2 .o 1.0 o •• .... !·' 

~I 
IU\•lj• SANGUINE• . o. o. o:z . 0.8 o.s ··i •• ~ CM HONIUS ~A lll ll\NSIS . . . 0.2 1.2 3.l ::. O.• 
ISCO•OR~ll• u• e \l• • . s:z . . . o ... o.• 1.• SABl~lAA A VULGIR S o . ... o.z & .. o:z . o.• o.z i:I o. • f.'JNH JI SP. o.z 0. 2 f •O .I O.f 0.6 o.6 I.I 00 C AAQFttOAUS lYHJfYNMI S o. z o.z . o o.s I.• o. l.6 0.1 1.e 0.6 0 

~: &UTO~IT[ [V(H"lhN s: 4- s:. 1.0 o.a o.a ••• ••• o.6 1.e I. I C·NEPIC·ULA P\AHI . . 
0:6 0:2 o:a o:s . v:z 

n 
HUCULJ PAOX. ti'A J . 8 o.• 1.6 o •• 0.6 
C~PIC't'l/ FORHl~ATA 2:0 

. . . . o . ~ ~:$ s .2 3.~ C OP., UH SP. z . o . . . 
0:2 

J • . . f.'OlYCIRAUS (XJM US .. . . . ••• 0. 6 o.• ··: ~ ·· MYJIOOPSIS BlbELOWl .. . . . 0. 2 0.2 . . •• .e 

u SP OP~AN(S eOMayx. . o.• o •• ••• o.• 1 •• 0.1 &:I o.• 
O~(Nlt f2llFORM l o ..• o. z . • ••• 0. 2 2 ... 0. 9 o.• ~ YCERA BRAN H AT~ .. . ~:i Y:f I. 0 0.) o.a ••• 1:2 f I M~IHARPI • FlfiR g•H• .. . . . o: • ~:. • • ~t T RON TRIOCE&LA1U . . . o.e O.• •• .o TM&NYX ANNU~ ~us . . . . . 2 •• •I . o .s •O EUCERAMUS P &~LONGUS . . . . . 3.• 1 • .. . . •O f.'INN!XA RETl~ENS 

0:2 0:2 · ·~ 
0.2 . . 3.2 •• ~:. 

. •O PELE YPOOA M. o. ••• . . 1.2 •·i Y· • •o PARIPtONUSYLLIS SP. a . . . . o:s o •• o. .:g .8 •O N[PHTY S PIClA . 0.1 o •• 1.• z:. 1:b 
o.s .. (OP8~L A tlAHAI TflANA . . •• o.• . . . . •• P~L~CYPOUA V 3 .0 1.3 

1:0 
. . . o:e 0:" o:z 0: 2 .. H M PCOU~ ROSEUS . 0. ti 1.0 0.6 •• ACTll'\l&RIA . . o. • o.• ••• 0.2 1 •• 0.9 o •• 0.1 •• til..YCER .l SP . A O.b o •• ••• o •• o.e o.s 0.2 o.z o.e o. 

~~ HNlifHYUAA . 
0:2 i:o . o.i o.~ , .. 

o.I 
o.e O. • UNC OLA S(RAATA o •• o.J o. o. . o o. ,:. o:s so LUOEV(HOPUS hONOURANUS o.z 0.2 . . o.e 0.6 0.2 o. 

u ~SEUCEURYTHOi A"'8JGUA . . . . I •' 0.6 o.z o. O.J PRia•ysP1y c RRIF~·· . . . . 0.2 0. 2 1.2 o ... i:! Y·' 1..UM~A N(N S (NUI . . . . . . 0. 2 0.2 •( . o tlHlWAhJA ~OOEJ . . . . . .: .. l .O o •• ::i o.~ fRl(hYP(NA US (ONSTAJCT~S 0 .4 o.z . . ••• o. 6 o •• o. 
~~ MAlOtf\ JOA.E. 0. 2 o. z o.z o. J o.z 0.2 0. 8 o ... o.I g.z l[PtOiH(lA SERWATOA81TA 0. 2 o.~ . . ••• o.z o •• g.2 o. 

H 
'"PEL SCA VA UAUM 0.4 o. . . . 

o: 3 
1.2 . 6 8: o : ~ IN-.. AIEBN4T.t 0 0. 2 o.z . . 1.0 . . O. • MAG~L<!NA SP . C 1. 11 

··~ 
. . . . . 

o: e . 
0: 2 010 AIRt CUPA(A 0.6 o. 

i:e 
. . . 1.0 o.c 59 TRA-..JSI& PARVA . . o.z 



"' ... .. .. 
" c 

"' .. .. • " ::> 
on 

c ... .. 
c .. 
0 .. -~ 
u 

... -"' u 

-"' u 

.. 
0 

"' u 

"' " "' u 

"' 0 .. 
u 

"' ... 
u 
w .. 
"' 

" " c 
a: 

.. 
" ... 
~ 

"' 
"' c ... • 
" " "' 
~ 

"' 
z 
c .. 
" 
"' .. .. -"' 
z 
c .. 
" 
" " ... 
~ 

"' 
z 
c .. 
" 
" "' "' -"' 
z 
c ... 
" 

81 

... ...,, ... ,. ...... N:nNt'\IN ...... ... NN ... ... ..,. ...... N 2>• • Nf't.I .. • .. ...,._ •• .. . . . . . . . . . . . . . . . . . . . . . . . . ... . . .......... . ... . . . 
0 00000 0 0 00000 000 0000 00000 00 000 0 - 0 0 000 00 

.. ..... Not\I N • • NNNO ... o N<>NN • -.in.11'\tt"" ..... ........ .. ..... N N .... NN .. .......... 0 0 e e 0 o o e I e 0 o 0 e o . . . . . . . . . .. .. . . . . . . . . . . . .. . . .. 
0 00000 0 0 o--o- oo- Oooo 00000 00 000 0 00 0 0 000 00 

- -0 • -.•N .... N on ... • N NNN-Nl't.t• .0 ...... N .......... • ... • • . . . . . . . . . . . . . . . . . . . . . ....... . . . . . . . . . . . . . . ... .. . . - 00000 00 0 0 0 0 0 0000000 00 0 00000 0 00 0 0 

..... t0.00.04 ..... N 0 0 .. N N••NN./:>.0 .... ... ••N.o.- ... .... ... • . . . . . . . . . . . . . . . . . . . . .. .. ... . . . . . . .. . . . . . ... .... -

....... . . . 
-coo 

........ . . . 
oo-

00-00 00 0 - 0 0 0000,000 00 0 00000 0 00 0 0 

N • NON """"' N ...... N N . . . .. . . . . . ... . . . . . . ... 
0 0 0-0 000 0 00 0 0 

• • ......... NNN N ...... • N . . . . . . . . . . . . . ... 
0 " o-o 000 0 00 0 0 

N ...... .. N .... N . . . . . . . . . . . . . . . . . . . . . . 
0 00 0 0 00 0 

... .... ... ... <>• N . . . . . . . . . . . . . . . . . . . 
" 00 0 0 00 0 

• l/IV"llfl• N N ..... N . . . . . . . . . . . . . . . . . .. 
0 0000 0 0 00 0 

.. .,_04 ... N .... ... . . . . . . . . . . . .. . . 
0 ---o 0 0 00 0 

NNN • N ....... • . . . . . . . . . . . . . . . . . . . . . . 
000 0 0 

NNN ... N . . . . . . . . 
000 0 " 

N "' N . . . . . . . 
0 0 0 

• ... N . . . . . . 
0 0 0 

.... "' . . . . . 
00 0 

..... N . .. 
00 0 

000 0 

.... ,. " . . . . . . . . . . . .. 
000 

.,. • . . . . . . . . 
0 0 

.. • . . . . 
0 0 

.. NN . . . . . . . 
0 

.. 
0 

"' ::> 
~ 

c 

~ 
u 
0 

00 

-. ... 00 

" "' 

0 

• ,. ..... 
0 0 

... N . . . 
0 0 

.... ... 
00 

... .. ... 
00 

... :I - ~ 
l. - Cl "' Q. cc cz w"' 

N . . . . . . ... 
0 

N . . . . . . . . 
" 

N "' . .. . .. 
0 0 

... "' . .. ... 
0 0 

.. "' . . . . 
0 0 

.. N . . .... 
0 0 

§Vt ! ~ ~ ! ~ ~c= ~c • 
1'\C! 0:::1' ~.,_ ~ ~~ ~- ~ =! ~ U C~~~j ~c ~c 
- ~ J ~ :>-c 0 ~c - - O ~~~...IVW :..Ma~ c VC 
% • C "'~ XJ v ,_~ J ~ JJ Z IA JIA_ - ::>~r ·~·-w ~ -~ 
·~- 0>-v')C c CZ:J:"'• ::>!l:C!I' ..... c--. .::» a: :i..~z•...11C% - ·.n:x.z:zi • ..,._,:,c .... ~-~a:~~ ·- u c c-- O CIA c -~>~ ~,.NI-"' W~J W"'• -w~w~ a •-CJIA • 
~ .... , •• "'w~~W-.JW~C~IA ~~::> ,,~ CIAW~ -- · - >•~ :>a J~ v ~~ ...1•=>-~ 
~ o ·-~~.,.wca::- •Z "'~• o > -' •«W.J~• ~~1A%...1c.J~ oacz~ ~-'~<DU"' 
~~~ao: ...1c ~owcc~::>cc V-XJW%O wctA ~zcc-oo~~-' > ~wJO-• >-wz 
-~ IAW"'W>...I -~ JO.J~~.Jc1-wc.J::>tAZ"'"""%::>~-- -w ww- w O.JU%0C tAzz-zw &~ CC.JC!A.JZ ooco wo-a. covo: ~::> u~,w.Ja wzc--uccc w UO.JCOW c 
~co o-~cz~::> -w-.,.~a°'""""c...-.VWl-O- o:~- ::> wz::>~ccwz~wc-ozvi--cc~-'Z~ '1'Mn% 
::>~,..,.-~,Q QCU-VW- ->_._,,_.,_00-~c-O~~...ICC~~'a--.l.t.>al-C~'-'>~•->O 
~a--~w·~~J1CW~U,~JV%WO,JCAOLLO-U~a:>-~ :z.cwvo.JJCOW~.JZC...ICVLJ'l'IW~-u 
covw-u~::>-~•~-s-o>w-n-:>-zc-.:.oczo~...1>-•::>::>0UOJW.JX~~o-z-•w•w-::>1:> 
a->o:x-o>.J~~ttwotAo:-...1...1::>1Ao::>•~a--%•-•O: >ava:~->--.:>~a~ozo:u•>o:...1~u~~-' 
~...1~vcww::>c..-u~--V\i..iwz-~o~>~o:~ co:o.Jo-ccm ........ o:...11o:cc~-~c-zo:x.cwwczozwo 
v.n~%1A...1z~x•tAUc~...1-c~~ou~%~ca.,.~%~wuc~zc~~a~~~~uco::> ~uc~w~1~&c~oz1 

~~~~-..-----~~~~~~~~~~~>~~~~~~~---------------~~~~~~-~~,.._~~--<Ml~~~---,._,..,-~----------c~ce>c~«~=ooooocoocooocoo------------------- ---------



"' "' ... .. z 
• 
"' .. 
"' z 

"' :> 

"' . 
c ... 
" • ... 
0 .. -~ 
u 

"' 
"' .., 

-.,, 
u 

.. 
0 .. 
u 

"' 0 

"' u 

N 
0 .,, 
u 

"' ... -u ... .. 
"' 

" ~ c 

" 

.. .. ... -"' 
' c ... z 

"' .. ... -"' 
z c ... 
"' 

"' .. 
"' -.,, 
z 
c 

"' "' 
.. 
"' ... -"' 
z • ... 
~ 

" .. ... -"' 
z • ... 
z 

82 

N N N • N """ .... ...... N NN N N """ "'"' . . . . . . . . . . . . . . . . .. . . ...... . . . . . . . . . . ... 
0 0 0 0 0 00 ..oo 000 0 00 0 0 00 00 

.. .. • • • •• .... ...... .. . .. .. N ·- .... . . ... . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . ... 
0 0 0 0 0 00 000 000 0 00 0 0 00 00 

.......... """""" •• N N N ..... -- N .... N N . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. . . 
0000 0000 00 0 0 0 0 0 0000 0 00 0 0 

N .ONN N•NN •• N • • N N NNNN N """ N N . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . 
0 •0 00 0000 00 0 0 0 00 0000 0 00 0 0 

N N N N "' "' . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 
0 0 0 0 0 0 

N N N N N N . . . .. .. . . . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . 
0 0 0 " 0 0 

"' • N ... N • . ... N N "' "' . . . . . .... . . . . . . . . . . . . . . . .. . . . . . . . . . 
0 0 0 0 0 0 00 0 0 0 0 

"' • • N • • ... N N N N .... . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . 
0 0 0 0 0 0 .... 0 0 0 0 

N N "' N "' "' N N N "'"' . . . . . . . . .. . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . 
0 0 0 0 0 0 0 0 0 00 

N "' "' "' • N N N "' NN 
• . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . .. . . . . . . . . . 

0 0 0 0 0 0 0 "' 0 00 

~~fVNIVN~~!Vl\#<~M~~NN~NNNfVNNNNf\#N~~~~~.1'41~~~~~~i/VH/'"1'1.lt1/'I~~~~~~~~ 
--••••••••••••••••••••••••• ••••••v~v~~vvv~vvv~vvvvvv~vvvvvvvv~ ------------- --------------------



c ... 
% 
• 
.; 
0 .. -z 
" v 

.., -"' v 

"' .... 

.. 
0 

"' v 

"' , 
"' v 

N 
0 

"' v 

"' ... 
v ... .. 
"' 

(% 
(% ... -"' .. 
c 

"' • 
" "' .. 
"' 
z 
c ... 
• 
a 
(% ... -.,. 
z 
c ... 
r 

.. 
% ... -"' 
z 
c ... 
r 

~ 

"' ... 
"' 
z 
c ... • 

81 

"' N .. .... "' N N NN NN N . ......... . . . . . . . ........ 
0 0 .. 00 0 0 0 00 00 0 

"' N N ..... N "' .. ..... NN N . . . . . . . . . . .. .. . . . . . . . . . . . . .. ..... 
0 0 0 00 0 0 0 00 00 0 

""'"' N NN N N NNr'lil NN .... N N N . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . ... . ... ... . 
000 0 oo 0 0 000 00 00 0 0 0 

Nt'l,IN .. ....,.. .. .. NNN NN NN N "' N .. . . . . . . . . . . . .. . . . . . . . .. .. ... . . . .. 
000 0 00 0 0 000 00 00 0 0 0 

.. "' "' N N "' . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. ... .. .. ... . 
0 0 0 0 0 0 

N .. N N .. .. . .. . . . . . .. .. . . . . . . . . . . . .. . . . . .. . . . . . . .. . 
0 0 0 0 0 0 

.. N .. N . . . . . . . . . . . . .. . . . . . . . .. .. .. . . . . . . . . . . . . .. 
0 0 0 0 

.. N N .. ... . .. . . . . . . . . . . . . . . .. . . . .. . .. .. . . .. 
0 0 0 0 

N "' "' N "' . .. . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . .. . . . .. 
0 0 0 

.. N .. . . . . . . . . . . . . . . . . .. . 
0 0 0 

. .. . 

-z -... 

. . . . 
0 

.. . 
0 

- "' CV'l Ill -.... :> c:x z 
c - W Cl/I a: 

0 

.. .. . . . . . 
0 

.,.. 4 C W• i.. WW 0 • 
Z .,.. CQ,, W Z.Q. IJ W C 

-w .. ., v • 4.V'l " ,.._ - w • ..J • 
woe%! • .. .,.. • ...,..I#•••·-' c z o:... o- > z: • • > ·- c •':It~ 11: cc _,,,,z~• w we IJ·.,, 
...c~-- ..g.~ • • a..;:;:t -a.u .. _...w ~ c u • o£-·:)- z uu -
.,. ,.,. .. ~ _ _,.,,,.,. u~ Ovi;,i..tC,,J• et- JUJ •111'.-.l,__.a.'-'G.w o •·~ 
U ... ::)QO- C C<CCZ 2" jooi.QC- ..J G.::t:> IJWV'i'CC CC CCZV' 

_,,... __ ·~ w 0 CCIAI J:a::-=a:~ ........ ,,unoviwwu(l"~O ~ wvoo-
.. _,_,_,.JY'IO%ZZwui..A.tC>-%~WO- ~•>- W VV:>WO - c~ U -cl...J 
Zi.J-'-'..J:>o :>~cc -'"""""' :> ooc"""'°a: .. zcoov. •~•-""'-' 
-zww~c--Oo-oOC..JWCk.11-COaa:-o..JC woo ll'IWZ..JC-WCOaJ > 
V•ZZZ«~,,~w~~Z>""'ioo~~u-..~•oo~"O~Q.UC>OWlllV'l 
ov---cu111~u--~~z-uo..J~~~oa.~o'w--~..,,...x~---~ -..10~0 
w-o::::.: "''l'IWJ:-o~c ,!)>-o%c.> >••-.... v:cv..1-""IG.•1A1-...,-0..1..1>~..1Z 
~...-~a~..10--~oc~..1a..1~~wx..1~0..10:>-->~~~o~a~-~,..~a~o 

~t;;:~~~~~~~~~:fi;l~ff~~~3~~fl~~~~~~~~~ff~~~ 

~~~~~~.nit'l~~~.n;n~~~~~~~~~~~~~~~~~~~llW\~~~~~.N"l~~ll\J)~ 
~o,oa~oavovovvovo~oovvvo~vvvvvvvv~~o~vavvvvvvv 

---------------------------------------------
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Append 1lC t. OveT•ll ranked abundt11nc:• of uc:roinvert•bTat•• c.oll«:ted during vtnter- at the "dovn cur-Tent" ait•. 
per 0.1 a2) and atandard error of the aean at ••ch et•ti on it indicated . 

"4an d~nstty (n...iber 

OO~N CUAA[hf •REA • wlhl[M SJMPLlS . 
JI•~~ SPECIES OCOI OC02 OCOJ 

,..[AN St ERR "'E.•H Sf [fOR M( AN SY EAR 
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~ N,,.,t.R . l~EA •• o.• o. 0 .1 
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2:0 
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Appa4b 9. (!:oot ..... edl 

AAhK SPECIES 

~~ STR~FTOSYLlll se 
•sruCEURYTMO ••91Gu• 

Sl NfPMllS JHCljA 
57 ANCJSlROSYLL S hARTMANAE 
51 SC(ILQPLOS SF. 

~l 
\ILY~[S. IOAE 
ONU HIS EHEfl'lf A 
•QD•AH yijs~u~· 

~~ ' '"1'8\b o• tJON A • 
.,OlYC kA ~AECA 

51 "'EPHl'f IOAE 

OO~h CUAR[H1 AA( A• ~ lhT[A S AMPLES 

OCOI OC02 

.. EAH ST EAR t'[Afril ST E•A 
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Ap,.ndla lO. O.erall rank94 •bu:ndanc:e of ar.crolavertebratc• collected durlna •Ullll9e:T •t the •down current" site. Mean d«n•lty 
(n\abcr per O.l a2) and •t•nclard error of the Man at each ttatlon lt lndieated. 
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Appendix 10. (Continued) 

OO•N CURRENT AREA • SUMHEH SAMPLES 

RANK SPECIES OCOI UC02 OC03 
J<IEAN ST ERR ..-(.&N ST ft;A MEAN ST EAR 

63 tUOEVENOPUS .... OhOU~ANUS 
0: 2 0: 2 

o.• 0.2 
63 ~HHYPOOA 0. 2 0. 2 
•J C~EP I CULA FONN ICAJA . . o. • o •• 
61 sco1.3P1.os ROHRA . 

0 : 2 ••• 0. 2 6J AG~A FHAMUS VERRILLI ••• 63 Of PJO UNC lh.IT.I o •• 0 . 2 
6J S Gti~ E~.l TE~ T ACULA TA o •• 0 . 2 o:- 0 : 4 ~~ TR• v 1s 1A SP c . . 

0 : 4 
. ULYC hOE SOLIT ARIA . . 

0: 2 0 : 2 
0. 2 63 OIQP.61AA CUP~EA . . o. , 0 .2 63 ~AG(L ONA PAP ILL1CORHIS o •• 0 . 2 . o:z 6J ~PIO P~TT I BO•E•E . . o.• 

01 RAhC H os1a ... .. C• RIRA\U ... . . 0. 2 0 . 2 . O.z 97 LEPTQ(tl(LA SE.~"ATO 8 TA . . . . 0.2 
91 LATMEOTES PARVIJLUS . . . . 0 . 2 o., 
01 PQR~ llANA iAYANA . . . . o.j 0 . 2 01 POR Y'8S GI elS II . . . . o. o.~ 07 t>fNAE ~ A( . . . o:z o. o. 91 PfNhO HERES SP . . . 0. 2 

0:2 O.z 01 ALPHytJS SP. 
o : ~ 0 : 2 

. . 
•1 QHEP XYN IUS P STOMU . . . . ., A(AN ~OHAUST~R l us IN,EA~E.UIUS o • 0 . 2 . . . . 91 !ltYS JCtC~t . . 

0: 2 
. 0.2 0 . 2 "' 97 HO~MAhf ~LA SP . 

0:2 0 : 2 
0. 2 . . ~ 07 "ftHgPR8 8PU~ S"OEMAKER I . . 

0 : 2 
. 97 M CR FA PU SP . . . . o:z 0 . 2 9 7 qo~MA~IELLA eR.ISILIENS IS . . 0. 2 

01 Tl•u• T•loc~~~•r us . . 0. 2 0.2 01 OljV~LLA "Y • o:z 0 : 2 
0. 2 0. 2 97 NA I A PUS, LI.A 
0 : 2 

. 97 Tf.LL t~A PHOBRJhA . . 0. 2 91 AR~A AEOUAl t S 
0: 2 

. 0 .2 0.2 9 7 T ~RuR• 6?NCAVA 0 . 2 
0:2 0: 2 07 T 'R ~A SLOCA TA . . 

•1 rc .. JIJRJOA . . 0 .2 0. 2 9 7 ONUPtfl'S SP. . . 0. 2 0. 2 97 ONUPt-tfS SP . A . . 0.2 o . ~ 97 ACROC RRIOAE A . . 0 . 2 o • 91 1.JLYC~RA SP . A l> . 2 0.2 
97 LU•B INEM~~ LAIHE l\~ I 

· · ~ 8:1 
97 -u~v~gR• ·· ~•S•L o. 97 ''F. €. SU lfl. A •• 91 ONUPH l S EA~Jril' I 't A 0. 2 o. 

o: ~ 
. 97 POOAAl<E OB CURA . . 0 . 2 ., 

POLY ye•• LI~· I . . o • o . ~ 97 PO( C L?CHAE US SP. . . o. o. 01 UES IOfl. OAF. . . 0. 2 0. 2 97 THAHYJI ANNULOSUS . . o.z 0. 2 97 HIL0 .. k10AE . 
0:2 0. 2 0.2 97 VOLYCORA SP . 0. 2 . . 97 ~YLLICAE . . 0. 2 0.2 91 tJ'<i1iNIA CLAV.6T I . . 0 . 2 0. 2 97 ~ULAL JA SANGU Jl\EA . . 

· · ~ · · ~ 91 0LY00RA CAECA . . o. • • 97 TRloVISI A SP. & . . 0 .2 .. , 
97 SCH l STOJril'(M lfl.~OS CAECA . . o .~ o. ~ 97 L\lfifl:U:<INEHJOE ACUTA . . o. o. 



Appendix 11. Species diverslty ond f.-un..,,l density of grab sample.s collected i n the study •reo . The units for values of H' are bits. 

NUKBtR OF KUKBER OF 
STATION OIVERStn (H*) EVENNESS (J') llCHllESS !SR) IHDIVIDUALS/O.S m2 SPECIES 

llillTlR 

CS02 3.8 0.6 11.2 an 76 
CS04 4.7 0.1 12 .0 794 81 
CS09 5.0 0 .8 lJ .4 559 86 
CS10 5.6 0.1 Zl.9 3UO 193 
CSlJ 4.5 0 .1 lS.7 1252 Ill 

DSOl 3.4 0.1 6.3 192 34 
OS06 3.2 0.6 6.8 472 43 
0509 4.2 0.1 12.0 571 11 
DSll 1.4 0.3 5.0 736 34 
0$13 3 .4 0.6 10.3 741 69 

OCOl 2 .0 o.4 S.3 851 37 
OC02 ).4 0 . 6 8.3 282 48 
OCOJ 3.2 0.7 4.6 78 21 

"' "' SuteiER 

CS02 3.9 0. 6 10.S soo 66 
csos 4.J o. 7 11.1 426 68 
CS09 4.9 0.8 12.5 371 75 
CSll 5.8 0.8 19. 3 754 129 
CSll S.2 o . 7 17.S llilO 128 

OSOJ 3. 0 0 . 6 6. 7 219 31 
DS06 3.4 o . 6 io:6 721 7l 
osoa S. 8 0.9 16.8 454 104 
OSlO 4.6 0.1 12.$ 118 86 
DS13 3.1 0.5 12.9 2171 100 

OCOl 4.J 0.8 9.3 234 S2 
OC02 ). 7 0.6 12.2 Sl8 11 
OC03 3 . 7 0.8 S.3 166 28 



Appeodh 12. Ttaaue .... le anal71te or luatcon c.ariu rrcm Ceor1ctovn DKDS aru. 
(CH - channel. CS - contro[ , OS - dlapou.l, DC - down current) 

SPIKE SPIKE 
cs as DC __.£!.. __!?£_ 

12Si PCB -
r<:•• .. ,, KD ... •• 100.01 

• -lllC "''' 
.. .. "" 

llndane »&Is .. .. "" 59.tl 

heptachlor 111/1 .. KD .. 
B-llHC 111/g NO .. .. 
aldrin 111/a .. •• ND 

heptachlor 
erodd• 11 1 / 1 .. .. llD 

p. pl - l)Ol "''' .. .. .. 
O, pl - ODD 111/1 .. •• KD 

'° 0, pl - DDT 111/1 ND .. .. "' 
chlordane. \l.&/1 NO ND HD 

dlddrin "''' 
.. .. .. 

-'tilll ""' 
.. JID JID 100.0% 

P, pl - 000 .. ,, .. KO KO 

P, pl - DDT \II/I ND KO .. 
air ex "''' KD .. NO 

aethcurychlor uafa ND KO ND 

touphene ""' .. HD .. 
Met~hlor 1)4.91 

Wet vt, or .... 1. 
C~: S8.l1 Re.cov•ry extracted 111/1 · 50.6597 Sl.8103 S0.8697 
C 48.71 lee.ovary 

Total reaolved c20 53.1% Recovtry 
Hydrocarbon• by c22 41.71 Recovery 
cc •ala "" .. NO 

Total 1Jnre10lved 
B)'drocarbona by 
cc •ala NO .. NO 

Stm of the 
n--Al bn.ea \Is/ I KO .. NO 

--



..,...,.iu u. (Cofttlnued) 

g ~ ~ 

Su. of t he even 
n-Albne• "''' .. HD .. 
Sum of the odd 
"""Al kane• u&/g .. ND .. 
Unreaolved Hydro-
carbons/R•aolved 
Hydroc:arbol'l• ug/g .. .. ND 

Prtatane + PhJtan.J 
n-Albnes .. ,,, .. HD .. 
Odd a-Alb.nu/ 
tven. ft- A.lbnea u'Ala "' .. .. 
h ia:tane/ °"" 17 ua/ & llD 1111 "" "' ... 
Phyt.ne/n-18 

""' "" 1111 "' 
Prlataue/PhJtan• u gig .. .. 1111 

n-Alkanes/Branched 
Hydrocarbon• •al• .. .. .. 
C.dalum llg/g < 0.1 < 0.1 < 0.1 

Arsenic vg/g 1.67 2 .34 l.92 

Chroaium llg/g < 0.1 < 0.1 < 0.1 

Nickel "''' < o.s < o.s < o.s 

Copper •s/1 6.15 9.6$ 7.09 

Le ... •II• < o.s < o.s < o.s 

Hercury 11g/q < l.O < 1.0 < 1.0 

Zloc . .,, 52.28 Sl.61 S0.1'1 

KD - Bot Detected; Detectloa Llatt la SO ppb . 
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